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Abstract of JP2001 1 1 9734 

PROBLEM TO BE SOLVED: To improve the 
wavelength efficiency of an optical switch by providing 
a method for establishing data connection and a switch 
node realizing the method between termination switch 
nodes of a network. SOLUTION: This method 
comprises switch nodes with respect to a network layer 
wavelength routing(WR) protocol and obtains a next 
hop switch node as to all possible combinations of 
termination nodes on the basis of a network topology. 
Furthermore, the method requires the switch node 
relating to network layer wavelength dispersion(WD) 
when data connection is established. The WR protocol 
decides a path used through the network and assigns 
a wavelength to each link between the switch nodes. A 
different wavelength can be adopted for a different 
optical link. The switch node includes a wavelength 
converter provided with an optical switch or a 
photoelectric converter provided with a digital 
electronic switch. The digital electronic switch can 
provide a signal format. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical switch fabric which switches the lightwave signal which reaches two or more 
input optical fiber segments according to a mapping instruction to two or more output optical fiber 
segments, A wavelength conversion means to change the wavelength which the lightwave signal 
which connects with said optical switch fabric and carries out Iriki according to a conversion 
command, or said switched lightwave signal occupies, A switch node equipped with the control unit 
which is connected to said optical switch fabric and a wavelength conversion means, exchanges 
other switch nodes and control information using a network layer protocol, and generates said 
mapping instruction and a conversion command based on this control information. 
[Claim 2] The switch node according to claim 1 exchanged in said control information using a 
control channel out of band. 

[Claim 3] The switch node according to claim 1 said whose control channel out of band is an optical 
supervisory-control channel. 

[Claim 4] The switch node according to claim 1 exchanged in said control information using the 
control channel in a band. 

[Claim 5] The switch node according to claim 1 which is equipped with two or more ports which 
connect a switch node to a contiguity switch node through each fiber link, and is equipped with the 
optical directional coupler connected to each port about each port, the optical multiplexer connected 
between each optical directional coupler and each output optical fibers of two or more, and the 
optical demultiplexer connected between each optical directional coupler and each input optical 
fibers of two or more. 

[Claim 6] The input optical fiber segment of at least one addition which conveys the control 
information from the switch node which was connected to each optical demultiplexer and connected 
to each port, The output optical fiber segment of at least one addition which conveys control 
information to the switch node which was connected to each optical multiplexer and connected to 
each port, A switch node [ equipped with the photo-electric-translation means connected between 
said control unit, and the input of said addition and an output optical fiber segment ] according to 
claim 5. 

[Claim 7] The switch node according to claim 5 in which said control unit has an accessible memory 
element by the processor and this processor. 

[Claim 8] Said memory element has routing table and a wavelength availability table. Said routing 
table The NeXT hop switch node field relevant to all the possible pairs of a termination switch node 
is included. Said wavelength availability table A switch node including the identity of the switch 
node connected to the port of arbitration by each wavelength multiplexing optical fiber link, and 
dispplay whether the wavelength is occupied about each wavelength, or available according' to claim 

[Claim 9] The switch node according to claim 8 by which said NeXT hop switch node field is 
generated with the control unit which performs a routing algorithm. 

[Claim 10] The switch node according to claim 9 said whose routing algorithm is a Dijkstra 
algorithm. 

[Claim 11] Said switch node is connected to the switch node in front of the path identified by the 1st 
termination switch node and the 2nd termination switch node. Said control unit receives a message 
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from the switch node in front of a, and if b this message is a CONNECTION_REQUEST message 
Said wavelength availability table is accessed. On the link between current and a front switch node 
Identify the available wavelength relevant to one of said input optical fiber segments, and if said 
current switch node is the 2nd termination switch node The mapping command which uses said 
available wavelength between the input optical fiber segment relevant to said available wavelength 
and an output optical fiber segment, and establishes connection is generated. If a 
CONNECTION_CONFIRM message is transmitted to the switch node of said front and said current 
switch node is not the 2nd termination switch node Access said routing table and the content of the 
NeXT hop switch node field relevant to said 1st and 2nd termination switch nodes is searched for. A 
CONNECTION REQUEST message is transmitted to the switch node identified by this NeXT hop 
switch node field, c) If said message is a CONNECTIONCONFIRM message The mapping 
command which uses said available wavelength between the input optical fiber segment relevant to 
said available wavelength and an output optical fiber segment, and establishes connection is 
generated. The switch node according to claim 8 which operates so that a 
CONNECTION_CONFIRM message may be transmitted to a front switch node. 
[Claim 12] The switch node according to claim 1 1 by which said conversion command will be 
transmitted to said wavelength conversion means if the available wavelength used by the input 
optical fiber segment differs from the wavelength relevant to the output optical fiber segment to 
which this input optical fiber is connected through said optical switch fabric. 
[Claim 13] The switch node according to claim 1 by which said control information can be 
automatically reconfigurated including the topology information about a network as a function of 
modification of said topology information of said mapping instruction and a conversion command. 
[Claim 14] The switch node according to claim 1 for which each input lightwave signal consists of a 
sequence of a packet, each packet contains the header and the pay load, said switch node is equipped 
with a means to extract the header of each packet connected to said input optical fiber segment and 
control unit, and said mapping instruction and a conversion command depend on the information 
included in said header. 

[Claim 15] Two or more 1st optical/electrical converters which change into an electronic signal the 
input lightwave signal which occupies each wavelength, Two or more 2nd optical/electrical 
converters which change an output electronic signal into the output lightwave signal which occupies 
each wavelength, The digital switch fabric which is connected to said optical/electrical converter and 
switches an input electronic signal to an output electronic signal according to a mapping instruction, 
A switch node equipped with the control unit which is connected to said digital switch fabric, 
exchanges other switch nodes and control information using a network layer protocol, and generates 
said mapping instruction based on this control information. 

[Claim 16] The switch node according to claim 15 exchanged by the control channel out of band in 
said control information. 

[Claim 17] The switch node according to claim 15 exchanged in said control information by the 
control channel in a band. 

[Claim 18] the optical directional coupler equipped with two or more ports which connect a switch 
node to a contiguity switch node by which each port was connected to each port, and each optical 
directional coupler and two or more 1st optical/electrical converters — respectively --**-- the 
optical multiplexer connected in between, and each optical directional coupler and two or more 2nd 
optical/electrical converters — respectively — ** — the switch node according to claim 15 which has 
the optical demultiplexer connected in between. 

[Claim 19] At least one input optical fiber segment which is connected to each optical demultiplexer 
and conveys the control information which carries out Iriki, The photo-electric-translation means 
connected between said input optical fiber segment and said control unit, A switch node [ equipped 
with the photo-electric-translation means which was connected to each optical multiplexer and 
connected between at least one output optical fiber segment which conveys the control information 
to leave, and said control unit and an output optical fiber segment ] according to claim 18. 
[Claim 20] The switch node according to claim 15 which said control unit equips with a means to 
reformat said input electronic signal in advance of switching. 

[Claim 21] The switch node according to claim 15 to which said control unit is equipped with a 
means to reformat said output electronic signal, after switching. 
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[Claim 22] It is the approach of establishing data connection between the 1st [ in an optical 
network ], and 2nd termination switch nodes. This network It has said two termination switch nodes 
and two or more of other switch nodes which interconnected by the wavelength multiplexing optical 
link. The step which identifies the path which has the link and wavelength of the lot which transmits 
data through the cord switch node more than zero between said 1st termination switch node and the 
2nd termination switch node, In each cord switch node connected to each inlet-port link and each 
outlet link of said identified path The step which performs wavelength conversion when the 
wavelength occupied on a switch, each inlet port, and an outlet link to each outlet link in the 
lightwave signal which arrives at each inlet-port link differs, How to establish data connection 
between the 1st [ in a ******** ne twork ], and 2nd termination switch nodes. 

[Claim 23] In each switch node the step which identifies said path - a - The step which relates each 
NeXT hop switch node with all the possible pairs of a switch node, b) The step at which said 1st 
termination switch node transmits - data connection-request message to the NeXT hop switch node 
relevant to the combination at that time of said 1st and 2nd termination switch nodes, c) The step 
from which said NeXT hop switch node secures the wavelength on the link which connects this 
NeXT hop switch node to said 1st termination switch node when said connection-request message is 
received, d) The step which changes an identifier into a current switch node for said NeXT hop 
switch node, e) when said current switch node does not correspond to said 2nd termination switch 
node The step at which said current switch node transmits a data connection-request message to the 
NeXT hop switch node corresponding to the combination at that time of said two termination nodes, 
the 1st and the 2nd, f) The step from which said NeXT hop switch node secures the wavelength on ' 
the link which connects this NeXT hop switch node to said current termination switch node when 
said connection-request message is received, g) Until said current switch node corresponds to said 
2nd termination switch node How to establish data connection between the 1st [ in the optical 
network containing the step which repeats said steps d, e, and f according to claim 22 ], and 2nd 
termination switch nodes. 

[Claim 24] How to establish data connection between the 1st [ in the optical network according to 
claim 23 where said step a contains the step which performs a routing algorithm based on the 
topology information about said network ], and 2nd termination switch nodes. 
[Claim 25] The approach said topology information establishes data connection between the 1st [ in 
the optical network according to claim 24 exchanged between switch nodes using a control 
channel ], and 2nd termination switch nodes. 

[Claim 26] The approach said control channel establishes data connection between the 1st [ in the 
optical network according to claim 25 which is a control channel in a band ], and 2nd termination 
switch nodes. 

[Claim 27] How to establish data connection between the 1st [ in the optical network according to 
claim 25 said whose control channel is a control channel out of band which occupies at least one 
wavelength on each link ], and 2nd termination switch nodes. 

[Claim 28] In the cord switch node by which the step which switches said lightwave signal was 
connected to said 2nd termination switch node The step which transmits a connection-confirm 
message to the switch node connected to the wavelength secured on each outlet link to the switch 
and this inlet-port link in the lightwave signal which occupies the wavelength secured on each inlet- 
port link, When said connection-confirm message is received in each of other cord switch nodes, The 
step which transmits said connection-confirm message to the switch node connected to the 
wavelength secured on each outlet link to the switch and this inlet-port link in the lightwave signal 
which occupies the wavelength secured on each inlet-port link, How to establish data connection 
between the 1st [ in an optical network given in ****** claim 22 ], and 2nd termination switch 
nodes. 

[Claim 29] It is the wavelength dispersion protocol which makes it possible to establish data 
connection between the 1st termination switch node and the 2nd termination switch node through the 
cord switch node more than the zero on the path in a network. In case said data connection is 
required first, the first CONNECTIONREQUEST message is transmitted to said 1st termination 
switch node. In each current switch node by which said protocol was connected to the path between 
a front switch node and/or the following switch node by each optical link If a message is received 
from said front or the following switch node, said message is a CONNECTIONREQUEST message 
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and said current switch node is not said 1st termination switch node The available wavelength on the 
link between this current one and a front switch node is identified and memorized. If said message is 
a CONNECTION_REQUEST message and said current switch node is said 2nd termination switch 
node Establish connection using available wavelength and a CONNECTION_CONFIRM message is 
transmitted to the switch node of said front. If said message is a CONNECTIONREQUEST 
message and said current switch node is not said 2nd termination switch node Transmit a 
CONNECTION REQUEST message to said following switch node, and if said message is a 
CONNECTION_CONFIRM message If connection is established using the available wavelength 
memorized before, said message is a CONNECTION_CONFIRM message and said current switch 
node is not said 1st termination switch node The wavelength dispersion protocol which transmits a 
CONNECTION_CONFIRM message to the switch node of said front. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Generally more specifically, this invention relates to the optical switch node 
used in an optical network about the field of optical switching. This invention relates to the protocol 
which manages actuation of a switch node again. 
[0002] 

[Description of the Prior Art] Development of a mass network has been promoted according to the 
need of establishing broadband data connection between remote sites, like [ between a client and a 
server ]. Generally, such a network communication link infrastructure is offered by one or more 
communication link entrepreneurs who make applicable to service the geography field which 
includes various remote sites. A communication link entrepreneur can lease a fiber-optics circuit to 
the customer who is going to establish mass connection. And in this communication link 
entrepreneur's network, an optical switch node is constituted so that desired connection may be 
supported. 

[0003] A communication link entrepreneur usually leases as what uses the fiber-optics circuit for a 
long period of time. Therefore, it is expected that the configuration of the switch established when 
offering mass connection remains in a position over several months or several years. Therefore, the 
switch in a network can be constituted manually, without hardly affecting cost or the quality of 
service offered. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in case size and/or topology treat the network 
which has always evolved, much switches cannot be constituted manually. Furthermore, if a switch 
is constituted manually, it cannot be coped with when immediately new mass connection needs to be 
established through the situation that the bandwidth of the traffic which transmits the inside of a 
network, or the quality of the requirements for service changes by time amount, or a network. 
Although it is desirable to offer automatically the switch which can be reconfigurated as network 
topology and a function of change of a traffic load, such a function is not available now. 
[0005] Furthermore, it depends for the most general method of establishing the data connection of 
end to end in the present optical network on using the same wavelength, for example, lambdaX, on 
the path manually constituted from the network corner to the comer. Consequently, when a part of 
path corresponding to new connection intersects a part of path corresponding to the original 
connection, establishing other data connection as wavelength of end to end (between end-to-end and 
termination) using lambdaX is barred. The activity of the wavelength in a current optical network is 
strictly restricted by this, and the overall bandwidth effectiveness in a network decreases 
substantially by it. 

[0006] Therefore, it is necessary to offer the optical switch node which conquers the above- 
mentioned fault by this technical field. 
[0007] 

[Means for Solving the Problem] This invention can be explained to a wide sense as a switch node 
(switching node) equipped with an optical switch fabric (optical switch fabric), a wavelength 
conversion unit, and a control unit. It connects with a control unit and an optical switch fabric is used 
for switching the lightwave signal which reaches the input optical fiber segment of a lot according to 
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the mapping instruction received from this control unit to the output optical fiber segment of a lot. It 
connects with an optical switch fabric and a wavelength conversion unit is used for changing the 
wavelength which the lightwave signal which carries out Iriki, or the switched lightwave signal 
occupies according to the conversion command received from a control unit. 
[0008] A control unit exchanges other switch nodes and control information using a network layer 
protocol, and is used for generating a mapping instruction and a conversion command based on this 
control information. Although the input and output wavelength of an optical data signal can occupy 
different wavelength and many advantages are brought about as a result by this switch node, one of 
them is an advantage of improvement in the wavelength effectiveness in an optical network. 
[0009] As for control information, it is desirable to be exchanged using a control channel out of band 
like an optical supervisory-control channel (optical supervisory channel). 

[0010] As for a control unit, it is desirable to have an accessible memory element from a processor 
and this processor. As for a memory element, it is desirable to memorize routing table (routingtable) 
and a wavelength availability table (wavelength availability table). Routing table includes the NeXT 
hop (next hop) switch node field relevant to the termination switch node of all the couples that may 
happen, the wavelength is occupied about the identity (identity) of the switch node by which the 
wavelength availability table was connected to the port of arbitration by each wavelength 
multiplexing optical fiber link, and each wavelength — or available — that dispplay is included. 
[001 1] A switch node is usually connected to the switch node "in front of* the path (previous) 
identified by the 1st termination switch node and the 2nd termination switch node. As for a control 
unit, in such a scenario, it is desirable to be able to operate so that a message may be received from a 
front switch node. 

[0012] When a message is the so-called CONNECTION REQUEST (connection request) message, 
as for a control unit, it is desirable to access a wavelength availability table and to identify the 
available wavelength relevant to one of the input optical fiber segments on the link between the 
present switch node and a front switch node. 

[0013] If a current switch node is the 2nd termination switch node, as for a control unit, it is 
desirable to generate the mapping command which establishes connection between one of the input 
optical fiber segment relevant to available wavelength and output optical fiber segments using 
available wavelength, and to transmit a CONNECTIONCONFIRM (connection confirm) message 
to a front switch node. 

[0014] If a current switch node is not the 2nd termination switch node when that is not right namely, 
as for a control unit, it is desirable to transmit a CONNECTION_REQUEST message to the switch 
node which accessed routing table, searched for the content of the NeXT hop switch node field 
relevant to the 1st and 2nd termination switch nodes, and was identified by the NeXT hop switch 
node field. 

[0015] On the other hand, when a message is the so-called CONNECTION_CONFIRM message, as 
for a control unit, it is desirable to generate the mapping command which establishes connection 
between one of the input optical fiber segment relevant to available wavelength and output optical 
fiber segments using available wavelength, and to transmit a CONNECTION_CONFIRM message 
to a front switch node. 

[0016] Since the lightwave signal which carries out Iriki corresponds to the architecture of the packet 
base formed from a packet with a header and a pay load, a switch node can be further equipped with 
the conversion unit connected to the input optical fiber segment and the control unit, and can extract 
the header of each packet. In this case, it depends for the mapping instruction and conversion 
command which are generated by the control unit on the information included in the header of each 
packet. 

[0017] A switch node is equipped with the group of the 1st optical/electrical converter, and the group 
of the 2nd optical/electrical converter with another operation gestalt. The group of the 1st 
optical/electrical converter is used for changing into an electronic signal the input lightwave signal 
which occupies each wavelength, and the group of the 2nd optical/electrical converter is used for 
changing an output electronic signal into the output lightwave signal which occupies each 
wavelength. 

[0018] A switch node is equipped with the digital switch fabric connected to the optical/electrical 
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converter again, and switches an input electronic signal to an output electronic signal according to a 
switching instruction. Finally, a switch node is equipped with the control unit connected to the 
digital switch fabric and the optical/electrical converter. A control unit exchanges other switch nodes 
and control information using a network layer protocol, and generates a switching instruction based 
on this control information. 

[0019] With this operation gestalt, an input electronic signal can be reformatted, the reformatted 
signal is switched, and it is changed by the group of the 2nd converter after that, and it is the 
semantics that the lightwave signal acquired as a result becomes a desired format, and a switch node 
offers a grooming (grooming) function. By this, the compatibility between the equipment of the end 
user in a network improves. 

[0020] This invention can be summarized as an approach of establishing the data connection 
between the 1st termination switch node and the 2nd termination switch node on network level. A 
network is understood as what has the group of the two above-mentioned termination switch nodes 
and other switch nodes which interconnected by the wavelength multiplexing optical link. 
[0021] This approach contains the 1st step which identifies the path which has the link and 
wavelength of the lot which transmits data between the 1st termination switch node and the 2nd 
termination switch node through the cord switch node more than zero. 

[0022] In each cord switch node connected to each inlet-port link and each outlet link within the 
identified path again, this approach contains the step which performs wavelength conversion, when 
the wavelength occupied on a switch, each inlet port, and an outlet link to each outlet link in the 
lightwave signal which arrives at each inlet-port link differs. By this, data connection can be 
established now using different wavelength on a path, and it is advantageous. 
[0023] Moreover, this invention can be summarized as a wavelength dispersion protocol which 
makes possible data connection between the 1st termination switch node and the 2nd termination 
switch node through the cord switch node more than the zero on the path in a network. This protocol 
is performed by various switch nodes in a network. 

[0024] In each current switch node connected to the path between a front switch node and/or the 
following switch node by each optical link, a protocol has the function to receive a message from a 
front or the following switch node. 

[0025] A message is a CONNECTION JREQUEST message, and when a current switch node is not 
the 1st termination switch node, a protocol identifies the available wavelength on the link between a 
current switch node and a front switch node, and contains the step to memorize. 
[0026] Moreover, a message is a CONNECTION REQUEST message, and when a current switch 
node is the 2nd termination switch node actually, a protocol establishes connection using available 
wavelength and transmits a CONNECTION_CONPIRM message to a front switch node. A message 
is a CONNECTION_REQUEST message, and when a current switch node is not the 2nd termination 
switch node actually, the step which transmits a CONNECTION_REQUEST message to the 
following switch node is included. 

[0027] However, including the step which establishes connection using the available wavelength the 
protocol was before remembered to be when a message is a CONNECTION_CONFIRM message, 
when a current switch node is not the 1st termination switch node, a protocol contains the step which 
transmits a CONNECTION_CONFIRM message to a front switch node. 
[0028] As the protocol meant, in order to operate, when the first CONNECTION_REQUEST 
message requires data connection first, it shall be transmitted to the 1st termination switch node. 
[0029] By participating in this protocol, a switch node will participate in establishment of the end to 
end of data connection using the wavelength assigned dynamically automatically, consequently the 
effectiveness of the whole bandwidth of an optical network is improved, and the more flexible 
protection switching which does not need any longer that an input and output wavelength are the 
same is offered. 

[0030] The above of this invention and the other descriptions will become clear to this contractor by 
reading explanation of the following concrete operation gestalten which refer to a drawing. 
[0031] 

[Embodiment of the Invention] Drawing 1 shows the optical switch node 400 linked to other switch 
nodes in an optical network. According to the desirable operation gestalt of this invention, the switch 
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node 400 is equipped with two or more ports 402, 404, 406, and 408 externally connected to each 
wavelength multiplexing optical fiber segments 412, 414, 416, and 418 of two or more. The optical 
fiber segments 412, 414, 416, and 418 are bidirectional segments, and carry out work of the inlet 
port to a contiguity switch node (not shown), and an outlet link. Instead, the switch node 400 is also 
connectable with each of a contiguity switch node with two or more optical fiber segments (it is one 
one and for outlets for example, for inlet ports). 

[0032] The optical fiber segments 412, 414, 416, and 418 convey data between contiguity switch 
nodes preferably. Moreover, the optical fiber segments 412, 414, 416, and 418 commit preferably the 
control link between the contiguity switch nodes which used the monitor wavelength (known as an 
optical supervisory-control channel (optical supervisory channel)) of dedication. The approach of 
others which establish the control link to a switch node includes the activity of the electronics control 
line of dedication. 

[0033] Although the switch node 400 is shown as what has four ports, it can have the port of the 
number of arbitration equal to 2 more greatly than 2. Moreover, although it has the intention of the 
optical fiber segments 412, 414, 416, and 418 so that between the ports of a contiguity switch node 
may be connected, please understand that the optical channel which is each or was multiplexed 
between the equipment (henceforth customer premises equipment) installed within the premises of a 
customer using one or more of the optical fiber segments 412, 414, 416, and 418 can be transmitted. 
In this case, the switch node 400 is called an ad / drop node (add/drop node). 

[0034] Ports 402, 404, 406, and 408 are connected to each directional coupler 432, 434, 436, and 438 
by each medium optical fiber segment 422, 424, 426, and 428 within the switch node 400. The 
medium optical fiber segments 422, 424, 426, and 428 are bidirectional couplers, and convey both 
data and a control signal between the interior of the switch node 400 preferably. Directional couplers 
432, 434, 436, and 438 are known components which combine with one bidirectional wavelength 
multiple signal two one-way wavelength multiple signals transmitted to an opposite direction. 
[0035] In one direction, each directional coupler 432, 434, 436, and 438 supplies the Iriki signal 
which extracted the Iriki data and the control signal which have each medium optical fiber segment 
422, 424, and 426 and 428 top conveyed, and was extracted such to each medium optical fiber 
segment 442, 444, and 446 and each optical demultiplexer 452, 454, 456, and 458 on 448. 
[0036] In the direction of reverse, each medium optical fiber segment 542, 544, and 546 and 548 top 
is supplied to sending-out data and a control signal by directional couplers 432, 434, 436, and 438 by 
each optical multiplexer 552, 554, 556, and 558. Each directional coupler 432, 434, 436, and 438 
transmits each sending-out data and control signal on each medium optical fiber segment 422, 424, 
and 426 connected to each port 402, 404, 406, and 408, and 428. 

[0037] Each optical demultiplexer 452, 454, 456, and 458 separates the wavelength multiplexing 
lightwave signal which reaches each medium optical fiber segment 442, 444, 446, and 448 based on 
wavelength, and generates each group of the lightwave signal according to individual which appears 
on each single wavelength optical fiber segment 462 A-D of two or more, 464 A-D, 466 A-D, and 
468 A-D. 

[0038] Although drawing 1 shows each of the optical demultiplexers 452, 454, 456, and 458 as a 
thing relevant to four single wavelength optical fiber segments, the number of the segments which 
come out of an optical demultiplexer should understand that it can respond to the number of the 
wavelength of each wavelength multiplexing lightwave signal which reaches each medium optical 
fiber segment 442, 444, and 446 and each optical demultiplexer on 448. 

[0039] It is used in order for at least one of two or more single wavelength optical fiber segments 
which come out of each demultiplexer to transmit control information preferably, and the remaining 
segments are preferably used for transmitting the data switched. Transmission of the control 
information put on the wavelength of dedication between two switch nodes is known as 
establishment of a control channel "out of band (out-of-band). n It is establishable to a part for a 
header unit by instead embedding a header (control-laden header) including control in the data 
transmitted between two switch nodes in the control channel "in a band (inch-band)." 
[0040] In the concrete example of drawing 1 , the single wavelength optical fiber segments 462A, 
464 A, 466 A, and 468 A offer a control channel out of band, and convey the control information 
which carries out Iriki from a contiguity switch node. Each single wavelength optical fiber segment 
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462A, 464A, 466A, and 468A is connected to each optical/electrical converter 472A, 474A, 476A, 
and 478A. Each optical/electrical converter 472A, 474A, 476A, and 478A changes each single 
wavelength optical fiber segment 462A, 464A, and 466A and the optical control signal on 468A into 
each input-control line 482A, 484A, and 486A and the electronics control signal on 488A. The input- 
control lines 482A, 484A, 486A, and 488A are connected to the control unit 490. 
[0041] Remaining group 462 B-D of a single wavelength optical fiber segment, 464 B-D, 466 B-D, 
and 468 B-D convey the data which carried out Iriki, and each group is supplied to each bank of 
controllable wavelength transducer 472 B-D, 474 B-D, 476 B-D, and 478 B-D. Each wavelength 
converter 472 B-D, 474 B-D, 476 B-D, and 478 B-D change the lightwave signal on each single 
wavelength optical fiber segment 462 B-D, 464 B-D, 466 B-D, and 468 B-D into the wavelength (it 
is possible for it to be different wavelength) specified by the control signal to which it is transmitted 
on each control line (not shown) by the control unit 490 from current wavelength. 
[0042] After changing into an electronic field the wavelength conversion which wavelength 
converter 472 B-D, 474 B-D, 476 B-D, and 478 B-D perform through direct optical means, it can be 
attained by rechanging into specified another optical field of wavelength. 

[0043] the signal changed by each bank of wavelength transducer 472 B-D, 474 B-D, 476 B-D, and 
478 B-D - each group 462B of a single wavelength input optical fiber segment - it appears on f -D f , 
464B' - D\ and 466B'-D', 468B' - D\ these - an optical fiber - a segment ~ 462 — B — 1 - D — 1 — 464 
— B ~ ' - D ~ 1 — 466 — B — 1 - D — 1 - 468 — B — 1 - D — 1 ~ an optical switch - a fabric - 492 -- 
each — input port — supplying — having . 

[0044] The optical switch fabric 492 has two or more output ports connected to each single 
wavelength output optical fiber segment 562 B-D of two or more, 564 B-D, 566 B-D, and 568 B-D 
again, an optical switch - a fabric — 492 -- single - wavelength — an input — an optical fiber - a 
segment ~ 462 — B — ' - D — 1 — 464 — B — ' - D — 1 — 466 -- B ~ 1 - D ~ ' - 468 — B — 1 - D — 1 — 
and - single — wavelength - an output — an optical fiber - a segment — 562 — B-D — 564 — B-D — 
566 — B-D — 568 — B-D — between — one — a pair — one — light — connection — controllable — 
being established ~ a circuit — having . Data connection is established based on the mapping 
instruction received from the control unit 490 through the control line 494. 

[0045] Probably, it will be clear to this contractor that the number of the single wavelength output 
optical fiber segments connected to the optical switch fabric 492 can differ from the number of the 
single wavelength input optical fiber segments connected to the optical switch fabric, since various 
medium optical fiber segments 442, 444, 446, 448, 542, 544, 546, and 548 may correspond to 
various numbers of wavelength. 

[0046] moreover — wavelength — a transducer — a bank — an optical switch - a fabric — 492 — an 
input — the section — it can set — single — wavelength — an input — an optical fiber - a segment — 
462 - B - ' - D - 1 - 464 -- B - ' - D - 1 - 466 - B - 1 - D - ' - 468 - B - * - D - ' - not but - an 
optical switch - a fabric — 492 — an output — the section — single — wavelength — an output — an 
optical fiber - a segment - 562 - B-D - 564 - B-D - 566 - B-D - 568 - B-D - being also 
connectable — ** — saying — things — understanding — it will have — . 

[0047] Two or more output-control lines 582A, 584A, 586A, and 588A which come out of a control 
unit 490 form a part of each control channel out of band which combines the switch node 400 with a 
contiguity switch node. The output-control lines 582A, 584A, 586A, and 588A are connected to two 
or more optical/electrical converters 572A, 574A, 576A, and 578A, respectively. Optical/electrical 
converters 572A, 574A, 576A, and 578A change the electronics control signal outputted from the 
control device 490 into each single wavelength optical fiber segment 562A, 564A, and 566A and the 
lightwave signal which appears on 5 68 A. 

[0048] Each single wavelength optical fiber segment 562A, 564A, 566A, and 568A which conveys 
the control information sent out from the control device 490 is connected to each of the optical 
multiplexers 552, 554, 556, and 558. Moreover, each group of single wavelength output optical fiber 
segment 562 B-D which conveys the signal (namely, sending-out data) switched from the optical 
switch fabric 492, 564 B-D, 566 B-D, and 568 B-D is connected to the optical multiplexers 552, 554, 
556, and 558. The optical multiplexers 552, 554, 556, and 558 combine each lightwave signal 
conveyed by each group of single wavelength optical fiber segment 562 A-D, 564 A-D, 566 A-D, 
and 568 A-D with the wavelength multiplexing lightwave signal conveyed by each directional 
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coupler 432, 434, 436, and 438 by each medium optical fiber segment 542, 544, 546, and 548. 
[0049] A control unit 490 is equipped with processor 490A preferably connected to memory element 
490B. Processor 490 A is a microprocessor which performs a software algorithm preferably. Instead, 
a processor can be the programmable logical unit of a digital signal processor or others. 
[0050] Memory element 490B memorizes wavelength availability (availability; availability) 
information in the form of a wavelength availability table. (A) of drawing 2 shows the configuration 
of the wavelength availability table 700 by the desirable operation gestalt of this invention. The 
wavelength availability table 700 has the PORT (port) train 710, the WAVELENGTH (wavelength) 
train 720, and the AVAILABILITY (availability) train 730. The PORT train 710 contains one entry 
for every port in a switch node. In the case of the switch node 400 of drawing 1 , number of 
connections, therefore the number of entries within the PORT train 710 of the wavelength 
availability table 700 are equal to 4. A port is identified with the reference number, 402, 404, 406, 
and 408, of drawing 1 . [ i.e., ] 

[005 1] According to the number of the wavelength which can be sent out to a switch node from Iriki 
or there through the port about each line corresponding to a given port, two or more entries are 
possible in the WAVELENGTH train 720. For example, in the case of the switch node 400 of 
drawing 1 , there are six entries corresponding to each of ports 402, 404, 406, and 408 in the 
WAVELENGTH train 720. The entry which shows whether current occupancy is carried out in the 
port where corresponding wavelength corresponds about each entry within the WAVELENGTH 
train 720 is in the AVAILABILITY train 730. Binary value is suitable to express each entry within 
the AVAILABILITY train 730. 

[0052] Memory element 490B memorizes the topology information about a network again. 
Specifically, memory element 490B memorizes the identity (identity) of the switch node by which 
direct continuation is carried out to the switch node 400 through one of the optical fiber segments 
412, 414, 416, and 418. Memory element 490B memorizes the same topology information (this is 
transmitted to the switch node 400 by the contiguity switch node) about the network remainder 
again. Processor 490A in the switch node 400 builds the topology tree of the whole network which 
makes the switch node 400 the root using the topology information memorized in memory element 
490B. Then, processor 490 A builds the routing table too memorized by memory element 490B using 
this tree. 

[0053] (B) of drawing 2 shows the routing table 600 by the desirable operation gestalt of this 
invention. Routing table 600 has the four fields 610, i.e., the transmitting agency switch node (SSN) 
field, the destination switch node (DSN) field 620, the traffic property information (TCI) field 630, 
and the NeXT hop switch node (NHSN) field 640 preferably. 

[0054] The entry in SSN and the DSN field 610, and 620 expresses all the possible combination of 
the termination switch node in a network. The TCI field 630 includes the property information on the 
traffic which received from the switch node identified by the entry in the DSN field 620 of the line to 
which it corresponds in routing table. Thus, the TCI field 630 identifies a signal format (signaling 
format) permissible [ with each optical interface of each destination switch node ]. 
[0055] Usually, data cannot be transmitted to a destination switch node from a transmitting agency 
switch node, without at least one cord switch node also passing. Therefore, generally the switch node 
400 is one of a series of cord switch nodes located between a transmitting agency and the 
destination. The next intermediate node on the path to a destination switch node is known as a NeXT 
hop switch node (next hop switching node), and this is identified in the NHSN field 640 of routing 
table. The NeXT hop switch node is the function of location ** of the current switch node in a 
transmitting agency switch node, a destination switch node, network topology, and topology. 
Therefore, it differs for every switch node in a network, routing table is fundamentally static, and 
only when network topology is changed, it changes. 

[0056] At the time of actuation, the approach by which control information is transmitted, received 
and interpreted by various switch nodes in a network is managed by the wavelength routing 
(WR:wavelength routing) protocol of a network layer. The path of the end to end which transmits 
data to a destination switch node from a transmitting agency switch node on the path in a network is 
establishable by making each switch node participate in the wavelength dispersion (WD: wavelength 
distribution) protocol of a network layer. These two protocols are explained below. 
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[0057] WR protocol is realized by making the processor in each switch node perform an algorithm as 
shown in the flow chart of drawing 5 . Specifically, drawing 5 contains the information propagation 
step 1010, the information storage step 1020, and the information processing step 1030. 
[0058] The propagation step 1010 becomes the beginning from the step to which a control device 
490 transmits topology information and traffic property information at a contiguity switch node 
through a suitable control channel (inside of out of band or a band). Topology information has the 
identity of the switch node 400, and the identity of each switch node which adjoined the switch node 
400 and was connected to one of the ports. Traffic property information can consist of a list of types 
(signaling type) of a permissible signal to each port. An end user's requirements for a format can 
adjust the content of this list. 

[0059] Furthermore, the switch node 400 relays the control information received from the contiguity 
switch node of arbitration to all other contiguity switch nodes as another part of 1010 of a 
propagation step. It can transmit at intervals of [ periodical ] 10 seconds, or instead, the control 
information transmitted by the switch node 400 can also be transmitted, only when the received 
control information has modification. 

[0060] Since each switch node transmits not only the control information of itself but the control 
information of the adjacent node, each switch node will recognize inductively the topology of the 
whole network, and the permissible signal type relevant to each switch node in this network. 
[0061] The storage step 1020 consists of a step a control device 490 remembers the topology of itself 
and traffic property information, and those information received from the contiguity switch node to 
be in memory element 490B. 

[0062] Finally, the processing step 1030 consists of a step to which the control device 490 in the 
switch node 400 generates periodically as a function of the network topology information 
memorized at the storage step 1020, and traffic property information the routing table memorized in 
memory element 490B after modification of topology. If the routing table shown in (B) of drawing 2 
is referred to, in order to fill the NHSN field 640 of the specific line of routing table 600, the 
software in the processor of a switch node is the NeXT hop routing algorithm (J. refer to Moy work 
Network Working Group RFC 1583, and PP.142-160.), for example, a well-known Dijkstra 
algorithm, here - this reference reference -- taking in ~ it performs. When a Dijkstra algorithm 
does not generate the NeXT hop switch node suitable about the given line in routing table 600, the 
entry to which this data is corresponded in NHSN and the TCI field 630, and 640 can be told by 
making it a null, respectively. 

[0063] WD protocol is realized by performing an algorithm as the processor in each switch node 
shows in the flow chart of drawin g 6 . The wavelength dispersion (WD) protocol of this invention 
consists of some the exchange and the interpretations containing an 

INITIAL J^ONNECTIONREQUEST (handshake demand) message, a CONNECTIONREQUEST 
(connection request) message, a CONNECTION_CONFIRM (connection confirm) message, and a 
CONNECTION JDENY (connection refusal) message of the message of a type. 
[0064] If step 1610 is referred to on the flow chart of drawing 6 , and a twist concrete target, the 
processor in a given switch node will wait for reception of a message. If a message is received, a 
processor will inspect whether the message is an IMTIAL_CONNECTION_REQUEST message at 
step 1620. An INITIAL_CONNECTION_REQUEST message is usually generated by the customer 
premises equipment connected for example, to the transmitting agency switch node. 
[0065] If the message which received is an INITIALCONNECTIONREQUEST message actually, 
the signal format (for example, TCIS) used with the interface connected to the transmitting agency, ' 
and a destination switch node and a transmitting agency switch node will be specified. At step 1630, 
it inspects whether a processor is in agreement with either of the signal formats by which TCIS is 
permitted with the interface connected to the destination switch node. If TCI is not in agreement, the 
customer of a transmitting agency switch node receives the advice of a purport which cannot 
establish connection. 

[0066] On the other hand, if TCI is in agreement, a processor will investigate the entry in the NHSN 
field of the line of the routing table relevant to a transmitting agency and a destination switch node 
and will transmit a CONNECTIONREQUEST message to the switch node identified by the entry' 
after that. A CONNECTION REQUEST message contains the SSN parameter which identifies a 
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transmitting agency switch node preferably, and the DSN parameter which identifies a destination 
switch node. The reception place by which the CONNECTIONREQUEST message was meant is 
known as a "degree" switch node on the path between a transmitting agency node and a destination 
node. 

[0067] The message by which reception was checked at step 1620 may be not an 
INITIAL CONNECTIONJREQUEST message but a CONNECTIONREQUEST message (like 
[ INITIAL CONNECTION REQUEST message / of the CONNECTIONJREQUEST message 
transmitted from the transmitting agency switch node later ]). A current switch node shall receive a 
CONNECTION REQUEST message from the "front" switch node on the path between a 
transmitting agency switch node and a destination switch node. 

[0068] Reception of a CONNECTION_REQUEST message inspects whether empty wavelength is 
between a front switch node and a current switch node at step 1640. When there is no empty 
wavelength, as shown in step 1650, a processor transmits a CONNECTIONDENY message to a 
front switch node. 

[0069] On the other hand, when there is empty wavelength, the wavelength of this opening is 
memorized in the memory element connected to the processor in a current switch node at step 1660. 
At step 1 670, it is inspected continuously whether a current switch node is a destination switch node 
actually. If a current switch node is not a destination switch node actually, as shown in step 1680, a 
CONNECTIONJREQUEST message will be transmitted to the following -switch node on a path. 
[0070] If a current switch node is a destination switch node actually, data connection will be 
established through the optical switch fabric of a current switch node at step 1690. This can be 
attained by offering the mapping instruction for the optical switch fabric 492 with a suitable control 
device 490. The single wavelength optical fiber relevant to empty wavelength (the memory element 
memorized after activation of step 1660) and the optical fiber segment linked to the customer 
premises equipment connected to the destination switch node are combined by this connection. 
[0071] When the wavelength which customer premises equipment occupies differs from the 
wavelength of the opening memorized in the memory element, the suitable instruction for the 
wavelength converter relevant to the wavelength of this opening must be transmitted. Furthermore, it 
is updated so that it may reflect that the "empty" wavelength of a wavelength availability table is not 
available any longer on the corresponding port which combines the present switch node and a front 
switch node. 

[0072] After connection is established, step 1700 shows that a CONNECTION_CONFIRM message 
is transmitted to a front switch node (it now connects with the current switch node optically with 
empty wavelength). A CONNECTION_CONFIRM message specifies empty wavelength. 
[0073] When step 1620 is referred to again and a received message is a CONNECTIONDENY 
message, as shown in step 1730, the present switch node depends for action which should be taken 
for whether being a transmitting agency switch node. If a current switch node is not a transmitting 
agency switch node, a CONNECTIONDENY message will be returned to a front switch node as 
shown in step 1650. Therefore, a CONNECTION_DENY message reaches a transmitting agency 
switch node eventually, and it is told to a customer here according to step 1 740 that connection is 
unestablishable. 

[0074] Finally, when the message by which reception was checked at step 1620 is a 
CONNECTION CONFIRM message, as shown in step 1710, the present switch node depends for 
action which should be taken for whether being a transmitting agency switch node. If a current 
switch node is a transmitting agency switch node actually, connection will be established between 
the optical fiber segment connected to customer premises equipment, and the single wavelength 
optical fiber segment which conveys data between a transmitting agency switch node and the 
following switch node (step 1720). 

[0075] If a current switch node is not a transmitting agency switch node actually (step 1690), the 
connection which connects the single wavelength optical fiber segment which conveys data between 
the switch nodes of a current switch node, before, and a degree will be established. Furthermore, the 
wavelength availability table memorized locally is updated so that occupancy of the new wavelength 
on the optical fiber segment which conveys data between the switch nodes of the present switch 
node, before, and a degree may be reflected. Anyway, wavelength conversion command is 
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transmitted to a suitable wavelength converter if needed. As shown in step 1700, a 
CONNECTIONCONFIRM message is transmitted to a front switch node after that. 
[0076] It explains referring to drawing 3 about the example which shows the approach by which 
connection of end to end is established using WD protocol. Drawing 3 shows the optical network 
800 which has two or more switch nodes 802-824 connected by the mesh matrix pattern through two 
or more optical fiber segments 826-858. The switch node 802 is connected to customer premises 
equipment (CPE: customer premises equipment) 860 through the optical fiber segment 862 which 
uses wavelength lambdaS. CPE860 uses the signal format which can be expressed with TCIS. The 
switch node 824 is connected to CPE864 through the optical fiber segment 866 which uses 
wavelength lambdaF. CPE864 permits a signal format discriminable in a group {TCIF}. 
[0077] The switch nodes 802-824 participate in WD protocol of this invention. Therefore, routing 
table is generated in each switch node. Although these routing table differs about each switch node, 
it is static until network topology changes. Since drawing is made legible and generality is not lost, 
(A) of drawing 7 shows a part of routing table 900 generated by the switch node 802 corresponding 
to the line as which a transmitting agency switch node is specified as a switch node 802, and the 
destination switch node is specified as a switch node 824. Specifically, the entry within the TCI train 
630 shows that CPE864 connected to the switch node 824 is the listed format, namely, can receive 
data by OC-4, OC-32, OC-192, and Gigabit Ethernet (trademark) (GBE). The entry within the 
NHSN train 640 shows that the NeXT hop switch node of a path which connects the switch nodes 
802 and 824 is the switch node 808. 

[0078] Similarly, (B) of drawing 7 shows the line of instantiation of the routing table 950 memorized 
in the memory element of the switch node 808. This line also corresponds to the combination of the 
transmitting agency-destination containing the switch nodes 802 and 824. Routing table 950 is 
generated from a viewpoint of the switch node 808, therefore the entry within the NHSN train 640 
differs from the entry within the NHSN train 640 of the routing table 900 memorized in the switch 
node 802. In the example of (B) of drawing 7 , the entry within the NHSN train 640 specifies the 
switch node 810. The entry to which similarly it corresponds within the NHSN train 640 in the 
routing table memorized in the switch nodes 810 and 816 and 818 can show the switch nodes 816, 
818, and 824, respectively. 

[0079] Thus, as the continuous line of the bold letter of drawing 3 shows, among the switch nodes 
802 and 824, the potential path which consists of optical fiber segments 830, 836, 842, 848, and 854 
exists. Similarly, a potential path exists among all the combination of a transmitting agency switch 
node and a destination switch node. 

[0080] Message switching of WD protocol is explained referring to succeedingly the network of 
drawing 3 , and the flow chart of drawing 6 . First, desire of wanting to establish the data connection 
of end to end between CPE860 and CPE864 is told to the transmitting agency switch node 802 by 
the approach for which arbitration was suitable. That is, an INITIAL_CONNECTION_REQUEST 
message is received by the switch node 802. 

[0081] The switch node 802 compares with the group of the signal format relevant to CPE864 
permitted, i.e., a group, {TCIF} according to WD protocol, the signal format, i.e., TCIS, of CPE860. 
(at step 1630) If coincidence of TCI is detected, the processor in the transmitting agency switch node 
802 will extract the identity of the switch node in the NHSN field of the line corresponding to the 
combination of a specific transmitting agency-destination switch node with reference to the routing 
table ((A) of drawing 7 ). The switch node identified by doing in this way in this case is the switch 
node 808. (When TCIS is not the element of a group {TCIF}, please care about that a connection 
request is refused.) As shown in step 1740 of drawing 6 , the control unit in the transmitting agency 
switch node 802 takes action which notifies that the connection request was refused by the end user. 
After that, the processor in the transmitting agency switch node 802 formulizes a 
CONNECTION JREQUEST message, and transmits it to the switch node 808 (step 1680). A 
CONNECTION REQUEST message identifies the switch node 802 as a transmitting agency switch 
node, and is identifying the switch node 824 as a destination switch node, a 

CONNECTION REQUEST message is suitable by the transmitting agency switch node 802 » it is 
transmitted to the switch node 808 through out of band or the control channel in a band. 
[0082] It judges whether according to step 1640 of drawing 6 , the switch node 808 has empty 
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wavelength with reference to a wavelength availability table on the optical fiber segment 830 which 
combines the switch node 808 with a front switch node (this example transmitting agency switch 
node 802). Consequently, if one of wavelength is found, the copy of a CONNECTIONREQUEST 
message will be transmitted to the switch node 810 (step 1680), and a connection request will spread 
a path top further. When wavelength is not found, a connection request is refused and a 
CONNECTION_DENY message is returned to the transmitting agency switch node 802 (step 1650). 
Here, since the switch node 808 is not the destination switch node 824, connection is not established 
yet. 

[0083] The transmitted CONNECTIONJDENY message has that the connection request was refused 
and the suitable format which shows that reason (available wavelength was not found on the optical 
fiber segment 830 in this case). At steps 1730 and 1740 of drawing 6 , if a CONNECTION JDENY 
message is received, the control unit in the transmitting agency switch node 802 can take action 
which notifies that the connection request was refused by the end user of CPE860. 
[0084] Each of the switch nodes 810, 816, and 818 performs the same algorithm, and, therefore, 
performs the same task as the switch node 808 fundamentally. Therefore, if wavelength is available 
at each of the optical fiber segments 836, 842, and 848, a CONNECTION REQUEST message will 
be eventually received by the destination switch node 824. Similarly, the CONNECTION_DENY 
message returned to one of the switch nodes 810, 816, and 818 is transmitted to the transmitting 
agency switch node 802, and can take action which notifies that the connection request was refused 
by the end user here. 

[0085] TCIS belongs to a group {TCIF}, and supposing the path of suitable wavelength is available, 
the CONNECTION REQUEST message transmitted by the transmitting agency switch node 802 
will reach the destination switch node 824 eventually through "medium" switch nodes 808, 810, 816, 
and 818. Since the destination switch node 824 is identified with the DSN parameter in a 
CONNECTION REQUEST message, it gets to know that the destination switch node 824 is a 
switch node of the last on the potential path to which self is led from the transmitting agency switch 
node 802. In the scenario of instantiation of drawing 3 , the final destination is CPE864 connected to 
the destination switch node 824 through the optical fiber segment 866 constituted so that a lightwave 
signal might be conveyed by wavelength lambdaF. A CONNECTION REQUEST message tends to 
be answered and the processor in the destination switch node 824 tends to find empty wavelength on 
the optical fiber segment 854 which connects the destination switch node 824 and the cord switch 
node 818. 

[0086] Data connection will be established if such wavelength, for example, lambdal, is found (step 
1720). Specifically, a control device transmits the mapping instruction which switches the lightwave 
signal on the single wavelength input optical fiber segment relevant to lambdal to the optical fiber 
segment 866 connected to customer premises equipment 864 to the optical switch fabric. 
Furthermore, a control device transmits the value of wavelength lambdaF to the wavelength 
converter relevant to the single wavelength input optical fiber segment which conveys a lightwave 
signal by wavelength lambdal. When lambdal differs from lambdaF, the wavelength converter needs 
to perform wavelength conversion. Furthermore, the destination switch node 824 is the information 
about the newly established data connection, and updates the wavelength availability table. That is, 
wavelength lambdal on the optical fiber segment 854 is used for the entry in the AVAILABILITY 
field 730 of a suitable line, namely, the value which shows that it is not available is given to it. 
[0087] After ordering to set data connection as an optical switch fabric, WD protocol described by 
step 1 700 of drawing 7 is required as the destination switch node 824 transmitting a 
CONNECTION_CONFIRM message to the cord switch node 8 1 8. A CONNECTION_CONFIRM 
message specifies wavelength lambdal which is the wavelength (wavelength before wavelength 
conversion) relevant to the single wavelength input optical fiber segment connected through the 
optical switch fabric in the destination switch node 824. 

[0088] If the CONNECTION_CONFIRM message transmitted from the destination switch node 824 
is received, cord switch node 818 the very thing will establish connection between the single 
wavelength output optical fiber with which the signal of wavelength lambdal is conveyed on the 
optical fiber segment 854, and the single wavelength input optical fiber with which the signal of 
empty wavelength (for example, lambdaJ) with which it memorized before is conveyed on the 
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optical fiber segment 848. The wavelength converter to which lambdal corresponds when not equal 
to lambdaJ is ordered to perform suitable wavelength conversion. Subsequently, the control device in 
the cord switch node 818 updates its own wavelength availability table, and transmits a 
CONNECTION_CONFIRM message to the cord switch node 816 after that. This message specifies 
lambdaJ (not being lambdal or lambdaF, either). 

[0089] This back track of a CONNECTION^CONFIRM message is continued until this message is 
received by the transmitting agency switch node 802. At step 1720 of the algorithm described in 
relation to drawing 7 , a mapping instruction is transmitted to the optical switch fabric for the 
purpose of establishing connection between the optical fiber segment 862 which occupies 
wavelength lambdaS by which the control device in the transmitting agency switch node 802 was 
connected to CPE860, and the single wavelength optical fiber segment from which the signal is 
conveyed by wavelength lambdaK by the optical fiber segment 830. When lambdaK differs from 
lambdaS, a wavelength conversion command is transmitted to the wavelength converter relevant to 
the optical fiber segment 862. 

[0090] It turns out that the wavelength from which the path between the transmitting origin which 
consists of optical fiber segments 830, 836, 842, 848, and 854 and the destination switch node 802, 
and 824 differs from the above explanation can be occupied. Whenever new connection is required 
as a result of the topology and traffic property information that it is automatically exchanged by the 
favor of various switch nodes which participate in WR protocol, wavelength can be assigned to a 
specific optical fiber segment in a dynamic way with the above-mentioned wavelength dispersion 
(WD) protocol. Therefore, available network bandwidth is used more efficiently and time amount 
required to constitute a switch node, an effort, and cost are reduced substantially. 
[0091] Although the case where a transmitting agency switch node transmits data to a destination 
switch node on the other hand at a target is treated in the above-mentioned explanation about WD 
protocol, this invention is applied also when one switch node takes out data from the switch node of 
another side. In the one way communication of this reverse, it is more appropriate to call two 
termination switch nodes a "client" (for data to be received) switch node and a "server" (for data to 
be transmitted to client) switch node. 

[0092] If the network and the shown path of instantiation of drawing 3 are considered, a client can 
conclude that it connects with the switch node 802 and the server is connected to the switch node 
824. A client 802 is connected to CPE860 through the optical fiber segment 862, and the server 824 
is connected to the database 864 through the optical fiber segment 866. Here, the above-mentioned 
WR protocol is a device for various switch nodes in a network to exchange and process control 
information. However, since it corresponds to the data transfer (the direction of the data flow of the 
example of the transmitting agency-destination mentioned above is the direction of reverse) from a 
server 824 to a client 802, some WD protocols are changed. 

[0093] Although step 1630 (a TCI comparison is performed) of drawing 6 cannot be performed by 
the client side switch node, specifically, this is because the signal type transmitted from a server is 
sometimes unknown. Therefore, this step is performed by the server side switch node when this step 
is postponed until the CONNECTION JREQUEST message was received by the server side switch 
node, and a CONNECTION_REQUEST message is received. 

[0094] Although routing is attained by the switch node which performs a routing control algorithm, 
it should also understand it that the desired path in which a transmitting agency switch node, i.e., a 
client, passes along a network about the specific combination of the end point can be set up 
beforehand. In other words, the NSHN entry of the routing table in each switch node can be guessed 
in advance. Since there is an advantage that wavelength is dynamically assigned to each segment 
within a path according to WD protocol, choosing a path beforehand with hand control is also 
permitted. Thus, a processing step is skipped, and WR protocol can be used only in order to only 
distribute and collect traffic property information. 

[0095] Moreover, it is also within the limits of this invention to offer bidirectional data connection 
between two termination switch nodes. Assignment of the wavelength of one-way communication 
can follow the algorithm of the scenario of the above-mentioned transmitting agency-destination, 
and assignment of the wavelength of the hard flow can follow the algorithm of the scenario of the 
above-mentioned client-server. 
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[0096] Furthermore, this invention can be extended and applied even when saying, "It is compatible 
(compatible)", although the signal type in the end point does not carry out coincidence. For example, 
although a destination switch node permits OC-48 signal, when a transmitting agency switch node 
transmits OC-12 signal, the task which carries out grooming (grooming) of the OC-12 signal to one 
of the cord switch nodes on the path between a termination switch node or two termination switch 
nodes is assigned, and OC-12 signal can turn into OC-48 signal. In this case, it is said that the signal 
type of OC-12 and OC-48 has compatibility. 

[0097] Therefore, no wavelength is available, or TCIS changes WD protocol, when the element of a 
group {TCIF} throat does not have compatibility, and a CONNECTION DENY message can be 
transmitted. Compatibility can be judged by referring to a pair of (putting together) compatible 
signal type table (this being memorizable in each memory element) within each switch node. 
[0098] In order to offer a desired grooming function, it is necessary to change the design of a switch 
node. Drawing 4 shows the switch node 900 by the operation gestalt of an alternative of this 
invention. The switch node 900 is the same as the switch node 400 except for the fixed point of 
difference described below. 

[0099] The switch node 900 is equipped with group 902 B-D of the optical/electrical converter 
connected between each demultiplexer 452, 454, 456, and 458 and "grooming processor and switch 1 ' 
992, 904 B-D, 906 B-D, and 908 B-D. Converter 902 B-D, 904 B-D, 906 B-D, and 908 B-D are used 
for changing the optical data signal with which it was received on each single wavelength input 
optical fiber 462 B-D, 464 B-D, 466 B-D, and 468 B-D into the electrical signal supplied by the 
grooming processor 992. An analog-digital converter (not shown) is preferably offered between 
optical/electrical converter 902 B-D, 904 B-D, 906 B-D, 908 B-D, and "a grooming processor and a 
switch." 

[0100] "A grooming processor and switch" 992 is the high-speed digital signal processor preferably 
programmed so that a digital electronic signal might be changed into another signal type from a 
certain signal type. Moreover, "grooming processor and switch" 992 offer the digital cross 
connection function to connect to one of the arbitration of two or more electronic signal-line 962 B- 
D, 964 B-D, 966 B-D, and 968 B-D each electronic signal by which grooming was carried out. 
[0101] Group 962 B-D of an electronic signal line, 964 B-D, 966 B-D, and 968 B-D are connected to 
each optical multiplexer 552, 554, 556, and 558 through group 972 B-D of each optical/electrical 
converter, 974 B-D, 976 B-D, and 978 B-D. An optical/electrical converter changes each electronic 
signal into the lightwave signal of controllable wavelength from a control unit 490 through each 
control line (not shown). For this reason, although a wavelength converter is not clearly required for 
the design of the switch node of drawing 4 , that function depends this on it being implicit in 
optical/electrical converter 972 B-D, 974 B-D, 976 B-D, and 978 B-D. 

[0102] According to another operation gestalt of this invention, a protection feature reliable in a 
mesh network is realizable using WR and WD protocol which control drawing 1 and the switch 
node, and actuation of drawing 4 . When data connection is established on a specific fiber link and 
the link more specifically becomes a failure, a transmitting agency switch node can start a new data 
connection request. Since each switch node is participating in WR protocol, the value of NHSN in 
each routing table turns into a value which is automatically different as a result of modification of 
the network topology resulting from the broken link. 

[0103] Probably, it will be clear to this contractor that can program a new connection request after a 
failure is detected, and this demand is treated by WD protocol of this invention, consequently a 
reliable path new about the data connection which suited the fault condition is set up by origin. 
Another advantage dependent on WR and WD protocol which were indicated on these descriptions 
is the goodness of wavelength effectiveness. This is because it is not necessary to carry out re- 
routing independently about different wavelength which does not need to secure protection 
wavelength beforehand and is occupied by the single optical fiber segment. Since protection of each 
wavelength is always possible when capacity is in a network by the latter function, this is 
advantageous. 

[0104] According to still more nearly another alternative implementation gestalt of this invention, 
the switch fabric 492 of drawing 1 and all the same optical switch fabrics (all-optical switching 
fabric) can be offered. However, a switch fabric can be made to answer the switching instruction of a 
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specific input lightwave signal which changes as a function of time amount instead of mapping each 
single wavelength input optical fiber segment in one single wavelength output optical fiber segment 
at a data connection period. 

[0105] The essence of an input lightwave signal is the packet base, and this function is useful when 
each packet has a header unit and the pay-load section. A header can identify a transmitting agency 
and a destination switch node. Although a different packet shares the same wavelength and the same 
single wavelength optical fiber segment, the header relevant to them can show thoroughly different 
transmitting origin and/or the destination. 

[0106] A switch node can be equipped with a bank (for example, PIN diode) of the optical tap 
(optical tap) connected to the single wavelength input optical fiber segment with this alternative 
implementation gestalt of this invention. These taps are connected to an optical/electrical converter 
and all of those optical/electrical converters are connected to a control unit. Therefore, a control unit 
can read and process the header of each packet which carries out Iriki. 

[0107] At the time of actuation, as mentioned above, a wavelength routing (WR) protocol works. 
Furthermore, if a data connection request is made (here, the pair of each transmitting agency- 
destination is identified), based on network topology, the specific group of a mapping instruction and 
a wavelength conversion command will be generated using a wavelength dispersion (WD) protocol. 
[0108] However, in order to establish specific data connection in this case, an additional step is 
performed before mapping a single wavelength input optical fiber segment in a single wavelength 
output optical fiber segment. Specifically, the header of each packet on an input optical fiber 
segment is inspected. That the mapping instruction and wavelength conversion command which 
were drawn before are used is only the case where the transmitting origin specified as the header and 
the destination are in agreement with the pair of the transmitting agency-destination where 
connection was set up using WD protocol. 

[0109] Naturally it is also within the limits of this invention to make it possible to make one mapping 
apply to each packet, and to relate two or more mapping with each single wavelength input optical 
fiber segment depending on the transmitting origin specified as the header and a destination switch 
node. 

[0110] As mentioned above, without deviating from the range of this invention indicated to a claim, 
although explained and illustrated about the desirable operation gestalt and the alternative 
implementation gestalt of this invention, it will understand that modification and correction can be 
further added to this invention, if it is this contractor. 

[Translation done.] 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



1/29/2007 



JP,2001-1 19734,A [DRAWINGS] 



Page 2 of 6 




IDrawine 21 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/29/2007 



JP,2001-119734,A [DRAWINGS] 



Page 3 of 6 



PORT 
710 



402 



404 



406 



408 



HAVELEHGTH 
720 



AVAILABILITY 
730 



(A) 



(B) 



700 



I03W 


DSN 
620 


TCt 
630 













600 



[Drawing 3] 



BOO 



804 



810 



\J38 



664 



\888,X F 



806 




812 




B18 




H 
I 


5fe 
|4 


J* 


844 





818 



\B46 



822 



\8S6 



802 




808 




§]± 




820 




840 


850 



[Drawing 5] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/29/2007 



JP,2001-119734,A [DRAWINGS] 



1010 






10 


20 



1030 



Drawin 




SSH 
610 


DSN 
620 


TO 

630 


SHSN 
§40 


• •• 








802 


824 


QC-4 
0&32 
CC-1B2 

BSE 


B08 










(A) 


SSN 
610 


DSN 
620 


TCI 
630 


mm 

640 










S02 


824 


0M 
OC-32 
0C-1B2 


810 


■«■ 


•■■ 







800 



850 



(B) 

[Drawing 4] 



http://www4ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



JP,2001-119734,A [DRAWINGS] 



Page 5 of 6 




[Drawing 6] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/29/2007 



JP,2001-1 19734.A [DRAWINGS] 



Page 6 of 6 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/29/2007 



(19)B*BH*Wt (JP) (12) ^i(A) QUMNBWMM 

#^2001-119734 
(P2001-119734A) 

' (43)^KB ¥^13^4^270(2001.4.27) 

(5i)intci.' mm^ 

H04Q 3/52 
H 0 4 B 10/02 
10/20 



^c»* mtuR m$m<D?k29 ol ^Hmmip (^ 69 m) 





4$g2000-223503( P2000-223503) 


(71) {USA 


390023157 
















¥j£l2^ 7 fi 25 B (2000. 7. 25) 




NORTEL N 


ETWORKS L I M 








I TED 






0 9/3 6 2 8 8 6 






• 2 • 3 • ?-f • 


(32)ffi$fcB 


sf-m 1*E 7 829 B (1999. 7. 29) 




4 ir^yirW ■ 




(33)fl|$fc*fciE3gB 


*S (US) 




h ~7>VV-% 










380 C7-;H« 


M/-H -fe>^— 
















(74)ft3A 


100081721 










#s± raea (fl-4«) 













(54) \§mv>%im Jt*4 v?-$>ZiV*:Z.-cm^Z>~7uhn)V 



i (57) 

? (wr) h=uu=H#-*-«;w??- • 
hzuui. x-f~/^- / — kudos- 'J >9icSft$f!|ij 



F I 

H0 4Q 3/52 
H 0 4 B 9/00 



T-0-J>*(#St) 



C 
T 
N 




(2) 



1f S3 2 001-1 19734 



KlcSEoT. A*-r-53t<I-^^f=l±BiIIB^y«I^.C»tLfc 

huIB v -y f > <fe tf£« =i ? > K ««m 

ry hi, 
£«*.£>X-f y^ 1 ■ y — K. 

l^Tsc&£;h-5ii#Ji1 icfBt&CDX-i' ^ • S — K. 

•v*jn?*si*3juai icfBtErox-r-v^ • y — K. 

L^TSE***i*III*a 1 IcfEScDX-f • y - K. 
[tt*4l5] tt^tHDHtZfT'i/t- ft LTX 

<<v=f ■ y-Ks*»x-f7f ■ y-Kic««-r*«* 

ft 7 7 -f / N*0>fWf=&& £ *ifc* v ^ u-7 +f- 1 . 
[1**356] ^^(Djt^^u^^u^-y-i^j** 

77-f/^-tv-Vvhi. 

— H=»«**tfcx-f • y — KdMMMtSlKtt-r 

*3IM?if SKfBKWX-f-v^ ■ y — Ko 
[1**917] ltWS«|»3.=.v h?b<. 7~p-b7f, 
iS^P-tr -vtrlcfc oTT-7 -tr* pftlfcy >J KX 

sa*a5iziE«rox-r • y- k. 
y, 

•y^-y — K- 7-f-^K5t^ BufBx£fi7""W : 7 t* 



#i-»#ii7 icfesrox-c • y — Ko 

[If *J5 9 ] buIB*? x h - * v -J ■ x-f y ? • y - K 
• 7-r — ;b K#. • T.»U3*y XA$||ff-r 

-r ■ y — Ko 

[1***1 0] BtJfB;u— ^-f >^7* • 7^UXAA<, D 
ijkstr a7;U3 VXAt?&3W#If 9ICfBmCDX 

^ ^ ■ y — Ko 

[I**JS 1 1 ] BufBX-f • y — KA<. ft 1 W^agX 
-r-v^ • y- Kfcettfm2a>*iasx-< • y-Kicj; 
oTHSiJ^+i^igSSrofjrox-i' -y^ • y — KJcSSI* 
BillBfU^P h3f)<. 

a) BlKDXi' ■ y — KA->t>y viz— v^SftL. 

b) !^y 'yt-yfCONNECT I ON_REQUE 

s Ty •y-tz-v/dr^ii. miiBaSST^-f 7t''Jf^ -T- 

— LT. iSSfc«tl/fiJCDX-< • y — 
K©BB©y >^±T', MfBA*7fc77"f A • -tr-^y > h 

B?)iB^(DX-Y ■ y — KA<® 2<7)^x-(' -v^ • y 

— KJ&:t>li, MiB^Jfflpr^'oCjKSic||3i-r^A*7tr7T 
-f/^- -tr^y>h„S«feI/ai^)7t77'l'/<--fe'7*y>h(D 

rai-wffBWffloriEnEjfes^fflLNTjf ^ t° 

>-?*• 37>K$±«Lt. hu1BbU<0X-i' v=f- • y-K 
IC CONNECT I ON_CON F I RMy -yk— 

TiufESiSwx-Y - y — K*<m2(D$l4^x-f -y^ • y 

— K-c^cL^^ct)l^, HifB;u— 7--f >-7* • f-7;uc7f 
-trXLT. MIBffil fcottfl 2(0^X^7^ - y-K 
l-lflii-f ■i>*-7X h • T^-y^' ■ x-f ■ y — K • 

— 7UKO>F«9§$^to, 1^^-7X h • t>'>7"- X-f ■ 
y-K - 37 f— ^KICtoTlttglJ^H-SX-f^^ • J — 
KIZCON N EC T I O N_R EQU ES Ty 

c) BUfBy V\Z— vi'CON N ECT I ON_CON F 

i RMy y^cf,i^ 

HulB?iJfflpI«l^«lcB|Jl^-^A7J3t3'T-t'/N* • ir^y 
> h6J:tfHlM77'fA ■ -tr^y > hOPBllcSufBfiJffl 

K£±i£U mKOXi'^T • y — Kl^ CONNECT I 

ON CON F I RMy -viz — V^KHl-T-g) J; 5iiff"T 

-Sa*^8lrf5K<DX-<->^ ■ y — K„ 

(W^ill 2] A^jt^T-f/N* ■ -b-7'y > hlc«i:oT^ 
ffl^tt^fiJfflDitgncjRftA^ !£A;fo7c7 7-f AA<hu!Btc 
• 777'J v<?£itLTmm2*iZ>& filter 

KA<s1iffiKg^^#ISlc2HI^^t^«^]S i 

i icfetsox-f -vt 1 • y - Ko 



(3) 



$#§^2 001 — 1 1 9734 



• y-K. 

fsssaiex-f ■ y — K4<fl|jirfcy. 

x-< ■ z>7-?<) <vvt % 

ffitiT*;* )vx*< v t • z? t -j y v izmm * *u * 

£Jf h=UU£J!l*Tffe0>X-< yf - y — K<k 
£fit;L£>x-f • y — K. 
K. 

7] flTEtHllMI**. »«rt*W^-**;uiz 
[ffjfcili 8] x-<-v^- /-K^ISSx-f^f • y — 

If ©-tai-tfh. .t (omicft St £ *ifc* v Zf Is 5 V t % 

y > ht. 



£tt*.-5>fM<iS i 8 lcfetEco^.-f y ^ • y — K. 

M*JSl 51-fettcox-i'y^ ■ y-K. 

agx-f ■ y- K©FBiic^-^jisi$5is:-ri,^;iT- 

uroffiox-r-^ ■ y — Kt**LTfcy. 
ifp)a±(o<frax-f y^ • y-K^^LTBtiismi 
asx-f v=s- • y — Kfc t fci;m2<D^aiX'r'y^ ■ / — k 

• y — Kicfci%r, -t*i-?*L©Apy ><?\zmm-tz>i?t 
<l^^^tL^<Dtbn'j>^ic«jy^^., ^-tL^roA 

liSltS * HfrT ^. X ^ -y ^ t . 

^ • y-K©Bii=T-*ft«fc*wA-r**iafe. 

a) ^^©X-Y y^ • ^— KlZfcL^T. ^tl-P+l© 

h • Tfvy zf ■ "j=f- • y — x-f^f •/ 

b) BtFtEmi <D$?ag^-f y^ • y-KA<. HutEmifc* 

L^m2tD$«agX'f y^ • ; — F<o*(Dm<Dm-e;i±\zfflm 

c) mife^^y y^-i?^g<iLfrig5, mm*<?* 
h-*v7"-x-f • y— KA<, h • 7t;y zf 

d) gdlB^^XK • 7t>ytf - y^-f-y^ • y — F^, ^tt 
®^7f • y-Klc^BM^^S-r-SX-xy^i:, 

e ) stiie^srox -t •> ^ • y — Ka<B5fe§s 2 romagx -r 

— ka<, muz-oco% 1 *$cfctfsi2<D*tasy — k 

TVZft. 

h • ^y^- X-< y^ • y — KA<. S^-J7X h • i^-jZf 
x-fy^ • >'-K$mlfEigS<7)ll4gX-i'yT • y — K(c 

g) BUie^&CDX-r y^ • y — KA<itifeS2CD$t3gX-i' 



(4) 



HH2 0 O 1 - 1 1 9 7 3 4 



• y-Klcftifc-f -5£T*. mJfSX^^d) » e) 
^^ti**3!2 2|cSB®<D3t^^ K9-?rt©I1 fcj: 

umo^^ v^- ■ y— fmmizT-zmmz st ±l 
(-9-^rt(»gi fc<fct/ffi2CD*i^-f -v^ • y — 

K©IBJI=7--r 5» ISflE £5tli-r « Si* „ 

y - h'<Dffl\z?-$ mmzm±LTt 

;ur-fe-5«^2 5|c|Bma>pt^v K9-frt©H fc 

;UT-&4lf*«2 5 KfBttCOifc* h-7— ^WCDmifc 
J:tfm2(75$|a£X-< 7f • J — KG>IHI::t— ^Ifl^St 

[|f^JS2 8] MiBftfi^^y&x&x^:/^ 
BulB»2<Dliag^.'r->^ • y — Ki=ttl**;»ifc4'iH;w 

ixtzx-i • y — Kfcf88Ht&j< -v-tr— 

i=»i*s*ifcx-r • y- KiciijiBii^st^y 

$#t;If*^2 2 icfBttro^t^ h-y— 33^ 
1/^ 2 <D$t3gX • y— KOHIc-?— £{■!;£ 

ra^x-f • y — K^Ltn amagx-r • y — 

K'fcJ:t;i20)|liXl' -v^ • y — K©IIJIc-r— r 
«»3iir« c i £ Wife!::-*-* ««*Hft^n h zi jut* 6 o 
T. 

SiDICBufB^r— S'Jg^^^-T-S^lc. gfcJWCONN 
ECT I ON_REQUEST^ -7-fe- vA'ilEf 1 © 

mm*4v^ • y-Kic&ff £*u 

MIB^P ha;U7b<. fij<7)X-f • y-Kfc^l//^f= 



mHBmI0^7=l*^a)^.-f ■ y — KA^y- y-tz— 

BtJlBy V-b-yA ? CONN E C T I O N R E Q U E S 

t> ^-tr— i/ffeot. iWiegUiECDX'f • y — K*< 
SiJIBmi roHJgX'f^^ • y — KtJfcivEe&tfs WMG. 
n&tfm<nx.'( v? • y- \ z m<r>>)^9±<r>mm^tiitz 

mffay ECT I O N R EQUES 

T^^-b-vtfcot^ s?ilEgi£<7>xf • y — KA< 

iiuiem2G>$tagxf -y^ • y-Kfc&i*. fijfflorHg/j:iK 

g^ffll^T&SsI^fifciU iiiJfBiiU'TJX-f • y — Kl~ 

CONNECT I ON_CON F I RM> — *J£& 
BtllHy «>-fe — i/4<CON N E C T I ON_R EQUES 

Ty >y-tr— ■/•Cfeot, mjfESisrox • y — K*< 
mjfam 2 ©giagx -r > ^ • y — K-e^c i^«c i^, Mfe^ 

W^-f-yf • y— RECONNECT I O N R EQU 

es Ty vt-v-zmmL. 

B5ley 7t— ^CONNECT I ON_CON F I R 
My v-b— S?«E &tf. BUlclBlSLfcfiJfflpI^/drjKg^ffl 

itifey •y-tr— iJA^coNN ecti on_con f i r 

My -y-tr— vtife^T, |tJie^fi(DXi'>> ; ? 1 • y— KA< 
©X-f Vf- ' y — Kl-CO N N E C T I O N CON F 

i RMy ■yfe-s?*ja6«-r*a*»«t^p h^Uo 

[o O 0 1 ] 

>-7*fX>»iflzPL, «fcyjH*Wl=(4. 
r*ffiffl-r^3tx-f w ■ y — Klcgi-r-5. *^b^I4* 
fc, X-< -^f ■ / - Kroft^iff I1-^7"p haMci 

[0 0 0 2] 

7-f7> /\*Pb1cDJ:-5Ic. 'J ^E— h- ■+»--< h 

IIBlcjfilltK-r— 1> fS^^JtSl-r-S'&M'ttlr.i: oTJtil^ 

-r-5c,tA<-e#-5)„ fir. ca9fl***a>*? nr? 
[0003] *o>%z>7-< 



(5) 



4fgfl2 O 0 1 -1 1 9 7 3 4 



a>X-f'77li, 3X h*fcliS^$^xi>-9— t'XSMic 

So 

[0 0 0 4] 

/£fclih#ov7!><?g|ritteL-C^-5*-7 h9~&£& 
^ RKI*. f^mon 9 7 Z^mx-ffitfL? -5 C i: liT*£ 
fcl^. £t>l=, X-f 9 7£#»T?«J&-f *-7h9 

— » a h7?-f v5o>&®m?itzitv— t=x 

^OB D pMA<^T*^^b-rS«;5E. £fcli*<7 hQ— J7 

■ W8J£W&$:x^-7 7£ffl«^3C<!:;b<M£Ll^ 

[0 0 0 5] ££>lc, Sfi©Jlfe*.v h9— ^WCX>K 
*>— x > K©7— f JStt$ «StT •SSt-SSMfcTj;* 

x>K (end-to-end. ISllffl) Ofc&t LT A X 
LTttfflf-: frttttSttifc-rSCfcjMlSrf 

[0 0 0 6] LfcA^T> -tfS<D:fci5£ 

£/K-f -STtx-r -77 • y — Fz&m-rzH&mtfSi&o 

[0 0 0 7] 

-f7f Ot^'Jv^ (optical switch fabric) , 

hfccfctffWo-^y hSfii^X-f >77 • 
y — h* (switching node) £ L.Ti&Bjj^ft.Sct 
•§>„ 3fcX-<-77- ^T^'J 9?li. Um=i--'U MrJ&g! 

-3T-*E<DA7J?t7 r-f /< • -fe^y > H=a»-^4*« 
■^^-iSfloai7J7t7r'l'/< ■ -tr-7*y > 

;&*^»3.-.y hli. TcX-r-7^ ■ 77 
^'J7^l:ft«*<i. ftiJffllZL- h^6Sflt«Xi3 
T>Kl=ttoT. A*-r-&5fe<i-s§^fcliX-r 97>?"£ 

[0 0 0 8] $iJ^zl- Hi, ^i—omztn h=J 
;u£ffli^Tte(DX-< -77 • y-Kfc*j»lWB£3*L. 

>K£±jft-r&G>ictt;s$:h.s. c©Wvf • y — K 
&£;H-£A<, -t©5*.© 1 Oli, 7c* -7 h*7— ?P«?-e(D 



[0OO 9] ttftHMIM:. 3feE4MMl7**jU (optica 
I supervisory channel) 0) J: 5 &$ttft1BH07-1r^JI' 

[0 0 10] *M»-a.= 9 hli. Skills? 
nt^4»67*l!7?ril6<i:>^'J»|{*ti4fl)i«ff 
>%'jHXtt. ;u— r-f >f • 7— (rout 
ingtable) *5 J:tf3t£7''<-r 5 bf'J 7-f • 7— (wa 
ve length availability table) £IB1Sf -5<DA<»$ L 

^— 7* >y ■ 7— ^;ui4. t^trogc y -5 -5— 

*f<7>*S3IX-f -77 • y— Kl=»»ra*$* h - fry? 

(next hop) X-< -77 • J— K ■ — Jl/K**t?. & 
«7^7f'Jf-f -7— ?JUi, t*lf*l©Stfi*I 
ft^T-fA ■ 'Ji/^ICkorff*©?!*— Hc»«t**ifc 
X^f «77 ■ y — Kfl)7-ff>f -ff-f (identity) 

[001 1 ] x-f7f • y- Ki*a*. 11 wstt^x-f 
7f • /-Kj3,kl/S2fl)8j|ix^7f • y— KlCfco 
T^S'J^Jfx-S^S&W (previous) J CDX-f <77 ■ y 

— ki=«n***i*. ■ta>J:-5fc*>7 , j7r"eii. ftdfflia.- 
•> Hi. Burox-T 97 • y — KA^f>y 9-tr— •y$s<i-r 

[0012] y -v-tr— i^l^tf} .5 c o N n e c t 1 o 

N_.REQUEST (S^*) y -V-fe-vCD^^. 5M 

•bxLt, siScDx-f 97 • y— Kfc«fct/fjrox-< vf- 

• y — Kcoiaro'j ><?±<DAt)i?t7 7'{'< • -t-yy>K 

<D5*,0> 1 olzBB5i-ri.fiJfflpr^^;SS$|«&J-r-5<7)A< 

[o o 1 3] siscDx-f' 97 • y — Ftfn2<DmiMH 
97 • y — K«:6tf, Hi. fJfflpTfgfc&S 

■ -tr-yy >h©a*><7>i otroFeiOT^^, ^ijffiBr 

L, BtrOX'f 97 • y — KIC CONNECT I ON_C 

onfirm (ttfltttS) y 9-tz- p^iHi-r-sro*<sf 

[0 0 14] ^vX'ttl^-S. -ftifrlbm&CO** 97 

• y — K*<3i2 0>$SiiS;w -7^ • y- Kr*/j:L>^^ii, 
fiJSP^.- v hli, ;i — f-of'-f-^;U:7^t^L 

mi fcj:r;i2 ©^agx-< -77 • y— Kicgia-r.-s 
*-^x h ■ *vz? ■ x-f7f • y — K • ;uK(7)rt 

#^3}?*. h ■ *7^- X-f 7f • y — K ■ 

— KICj:oT|SSiJ$*tfcX-1' -77 • y— KlCCONN 

ECT I O N R E Q U E S T y V -fe— v ^ i3Hg"T 

LL^ <> 

[OO 1 5] fft^, >7'b-yi6<lWCONNEC 
T I ON_CON F I RMy -7-fe — vOif^, $l]ffllJLll 

•7 hli, fiJffloI^/d:»SlcSlil-r-i)A737t7 7-('/<- -b 



(6) 



4#M 2001-1 19734 



>^-a7>K$ML, HtiroX'f • y — Klzco 
NN ECT I ON_CON F I RM> v -fe— 

[0 0 16] A3fc-r-i>#ft-i-*<. ^-^^fccfcl/^-f O- 

-*^^lcSfItrt£fctf>lc. x-f • y-KI*. 

KI*. **i*h.®/<*-? ha>"»??ftfcft$:h.«flt9Rlc 
[oo 1 7] sia>38ifi»»-cii» x-f y— Ki*. 

[0 0 18] x-r<y^ ■ y-KI*Sfc. 

^ ^ > sr*M* i c# o r a * m^m-^ £ tu * i c x 

•iv+Xf-f Attic, ^-{yf ■ y — Kl*. tS?* 

fc«»CL=V h^«^-5o hi*. h9 — 

-7J§:/d r-a;u£JBi^-cte<D;*.-i' • y — KiWW 

[0 0 1 9] zroHJfi^ffi-ei*. AAS^IiS^t 
— h£*i-SCh*<-c?£. S7t- 7v h£*ifcfI-§- 
vTlsC?Z*t. -tOTttm 2 OT£&S§CDiiSlCj;oT 

r-icft-ixti^miifc-e. 7^4 v=f- • / — Ki*^*;u— s> 
y (grooming) *itE$}t«-r-&. CftlcJ; ^T. t-yh 

■i>o 

[0 0 2 O] h9— S> • L^<;H?m 1 (D 

m^^->^ • y-Kfcj:i;m2(D$iagx-i'<v^ • y — 

#T'£-i>. *-vh9— • 71*. ±ie2OC0$|4SX'f • 
y-K<t. ;KS^fi3t'J>-7lcJ:oTlS5^^^fc<te 
©x-r -^^ ■ y — Kro-7*;u— h*>G> t Ltl 

[0 o 2 1 ] ^TjjSI*. -1ia&.±(Dtp?$X-< • y — 
Kltft-LTSl OTftSgX'f • y- Kfccfcl/m2CD$! 

[0 0 2 2] *75;£l*£fc. m*l£*itz&&f*KD*H? 



t-^h.^<n^7.>( • y- Kic^r. •s-ft^Jh. 

©AP 'J >-7 lc?iJ5rr<5>pt«#£ *ti?H<D&n 'J >•? 

t— * ft mz&a.? & z. t. ^ ■?> <fc 5 ic& y . ^jt- 

fo&o 

[0 0 2 3] **WI4. *^h9-^7^K± 

<D1zn.&L±<Dtpfl5X'f V s * • y — K^Ltii oo^tt 
X-f^^ • y-Kfe«):i;i20||gx^7f • y — KM 

[0 0 2 4] m<T>^V=5- • y— Kfccfctf/Sfcte&O) 

x-r ^ ■ y-KcDfeicD^Kic^^-r^ifeuv^fcj: 

[0 0 2 5] I O N R E 

qu es Ty ^-tr— £;-efco-t\ ■ y — 

KA<mi co$i3gx-f - y — K-ci±&i*»«. ?nh 
n;ni. aaox-r ^5=- • y — Kfecti/fitrox-r ■ 

y-KcDF B 1(7)U><7Ji(DfiJ^^It6^;gg^iS^JL. 1B« 

[0 0 2 6] ^/r. > 7t-ytfCON N E C T I O N 
_REQUEST>7t-vtfeot, S«0>X-f V=F 

■ y-K*<ni^izm2o$i4gx-r • y — vv&zm 

L. BU0X-f - y — KlC CONNECT I O N_C 
ON F I RMy ^-fe — v^jUfg-rSo ^7t-y^CO 
NNECT I ON REQUESTS ^iz — vt&9 

afttox-r^^ • y — K*«SHS(c*2a>sn«x-f *v 
^ - y — K-c«ci^»«. ■ y- kizcon 

NECT I O N R E Q U E S T y ^^flf 4 

[OO 2 7] tztzL^ y 7t-v*<CONN ECT I O 
N_CONFIRM>7-fe-Vt?fe^i|§, ?Ph^jl/ 

^--s>x^f^^^#^. ig^ox-f^T ■ y- w<n <J> 
»«x-r^^ - y — K-eftt^a^. ^PF^int to 

X-Y^^ 1 ■ y-KCCONNECT I ON_CONF I 

rm> ^-tr-v$^m^-^x^^^^^t; 0 

[0 0 2 8] ha^*<3BHLfcJ:5lwMf^-r-&fc«> 
1^. SfelCO CONNECT I ON REQUESTS *v 

^Sx-r ■ y- Ki^jsim* wtrotnc 
[0029] zcoJn hu^ncgg-^-r^c^T. x^^ 

*8«©x> K*y-x> K(7>fit2:lceiS6«jfzBI^-rsc: 
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[0030] **wa>±ffificktf«ta)fl6(D»«tt % us 

[003 1] 

[IBna>%tt(D»tt] Hi (4. jlfe*^ K^ — 5to(Di&(D 
X-f ■ — Klc*«-T43fex-f ■ y — K4 0 0 
^ftna>tf$Ll^tt»Slcj:4itf % X-f 

/\*'t^>K41 2, 4 14. 4 16. 4 18fzHSP 
MlC««**Lfc*»0)7K— K4 0 2. 4 0 4. 4 0 6. 
4 0 8 £«*.S 0 ittyT-{/< • -fe^Ty > h 4 1 2. 4 1 

! 4.416.41 8l45K*fil-fe^ > KTrfey. BflSx 
-f ^ - y- K4 o o^i^jgx-f ^ • — Ka>**t* 

[003 2] 3fe77^/\*-t^>K41 2, 414. 
4 16. 4 18ft #£L<f4««X-f " </ — Ki 

• -tr^>>K4 1 2. 4 14. 4 16. 4 1 8(4. ^ffi 
0>E*B«fi (3feEffi*J»-?-V*;Koptical supervisory 

channel) <t Lt £0 £>*lT ^ffll^fcBMSX-f -y^ 

• y — KNiatm'J >^(Dffli^^-r-5o x-f^-y — 

[0 0 3 3] X-f • y— K4 0 014. 4 0<Z>tK— h 

*:I4 2 lz» Ll%ffJR0)»(D7K— h £ C £ 7b<Tj£ 

-So ^fc. 3t:?7-f • iz^y > h 4 1 2. 4 14. 4 

16. 4 18(4. BS»x-f v=F - y — KaojK— MB £18 

4 12. 4 14. 4 16. 4 1 S(D5^>(01 oSfcliS 

rt3£«<ti*5) £®WJTfi*<B£fcJ4#mfb$;h.fc3fc^ 

fcl> 0 X^^f -y-K4 0 0li7K/KP 

*>:7-y — K (add/drop node) tmthho 
[0034] X^^f '/-K40 Orttr. Tff— h 4 0 
2. 404. 406. 408 14. *tl?*l<DtpNlitt7 T 
■ -tz^V >f 4 2 2. 4 2 4. 4 2 6. 4 2 8Clcfc 
oT^-+U^CD^fp]tt$S^f|4 3 2. 4 3 4. 4 3 6. 
4 3 8|Cgg|$tLTLN-5o tpm?t7T<4 /< • -fe^V > h 
422. 424. 426. 4 2 8 l45K*fiJfS**-e fc 
ff£L<(4X-f ^ • y — K4 0 OCDP^gpircDFel-e 

4 3 2. 4 3 4. 4 3 6. 4 3 8 14. J52«f[S]fC&fl£ 



2 o(D]|i^!R)SSS£Slt#£ 1 oo>5K*fiia**« 

[0 0 3 5] -*0)*finfl4. -t^i-PtKO^lRltttt** 
4 3 2. 4 3 4. 4 3 6. 4 3 8(4. 

A • iz^y > h4 2 2. 424. 426. 428 
±*»**4x*A*^-^*5J:tf«(«l«^^ttUlL. -I- 

■ -tr<7V > K4 4 2. 444. 446. 448±<D 
J ?-*t J ?4xO^ J r'7;U5 1 ^ , U^-tr4 5 2. 4 5 4. 4 5 
6. 4 5 8|C<£3g-r&o 

[0 0 3 6] 3!a>»firci4* ^Ui^r—Sfccfct/^Wim^- 
(4. *rtl?tL0)rpmiftJ7"f/< ■ > h 5 4 2. 5 

4 4. 5 4 6. 5 4 8±£. ^^^(D^^^UT ^U<7 
+J-552. 554. 556. 5 5 8|:J:oT*filt^ 
§§4 3 2. 4 34. 43 6. 4 3 8 |Cgy££ ^ 
•?+t<DS"fa3t4$£'&S4 3 2. o 4 3 4. 4 3 6. 4 38 
14. -tft-fftCDTK— h 4 0 2 . 404. 406. 408 
f-»ttSHfc-t*L-p*t(7>4 3 M3t^T-</< • -tr^y > h4 
2 2. 4 2 4. 4 2 6. 4 2 8±(Z. -t*t-f *ia>affl^ 

- ^ fc cfc MMttflHi- £ I £ as-r * o 

[0 0 3 7] J E-tL J P^t(D^7 f ^;U^^ , U^+|-4 5 2. 4 
54. 456. 458(4. ;fiS(cS^l>T^*L^<7>^ 
WBfc^T-f/* ■ tr^fy > h 4 4 2. 4 4 4. 4 4 6. 4 
4 8|CBJ*-r«ift«^m*«#S»lltL. -ttl-Ptl©* 
§&(7)jfL— ;S53fe^T-</< • -tz^y > h4 6 2 A — D. 4 
64A-D. 466A-D. 4 6 8 A - D Ji(z3Eg^^<i 

[0 0 3 8] IU1 14. 3tf7^f?L/^^-4 5 2, 4 5 
4. 4 5 6. 4 5 8(D^+l-?tL^4OC0m-;^^^T 

H(D*rBl3t^T-</< • -fe-^y > h 4 4 2. 444. 44 
6. 4 4 8 ±(0^:^*10)^^ )\y^Zf[^^ -^i^mmT 

[0 0 3 9] ^tt^cD^v^^^u^-y-^^aj^lt^ 

1 o*<»*L<i4«»fli«seas-r«fc«)izttffl*ix. 
syco-tr^y >h(4. »*L<f4x-r^^>y**t* j r 

KI«lcfelt*»ffl<Da*l=*1*fctt1Blflf«a)fiaf4, 
T^ilEn (out-of-band) J frjffll^-v ^KDStfit LT 
fiI&*iTL^*. «t>y(c. rtffjtfA (in-band) j *J^J 
^v^;u$. ^J^(i2ocox-f - y — KFBlTja^^ 
4x-5ir— ^^(zfijffll^^fi/s^^f (control-laden he 
ader) £i!#>&t;c ^ \z£ oT. ^ ^^McSf^-r^ 

[0 0 4 0] B 1 (D*i*Wtt«TM4. i-;^77-r 

/\ ■ -iz^y > h 4 6 2 A. 464A. 4 6 6A. 468 
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M77^A^t^>h462A, 4 64A S 466 
A. 4 68A(4. -t*l-€ ? *LCD*«*»«4 7 2 A. 4 7 
4 A. 4 7 6A. 4 7 8 A|C««*4xTLx*. ^tl^+l 
tf>ftS^&t§4 7 2 A. 47 4A. 47 6A. 47 8A 
14, *tl?tl(Dm— »ft:fe?7*f/< - -tr^7V > S4 6 2 
A. 4 6 4A. 4 6 6A. 4 6 8 A±(D;fcfrJWf 
tti^tlCD A Jlftifflm 4 8 2 A. 4 84 A. 48 6 A. 
4 8 8 A±(D«T«|«l«#|C««-rft 0 A*ftlMt4 8 
2 A. 4 8 4A. 4 8 6A. 48 8Alt *Ml4 9 

[oo4i] a£ft#:7T*f /* ■ -t?yy > KD»y<D 

H46 2B-D, 464B-D, 4 66B-D, 468 
B D 14. A*Lfc7 f -**l»iSL. ttl^tMOmit. 
«l»RrttttiK*«»*4 7 4 7 4B-D, 4 

76B-D, 4 7 8 B - D CO^^^CD/O^ $ 
*l£o ^ft^h<7)&;g^i&§§4 7 2 B~D. 474B- 
D. 4 7 6B-D. 4 7 8B~Df£. ^tU-f+iCOm— ;JS 
Spt77^A*- t^^>K46 2B-D S 464B~ 
D. 466B-D, 4 6 8 B~DjKD#{l-S§-£, SfiO 
»fi^?>. *fl»»«4 9 0ICj:-3T-t*t-e*t(Z)»J»» 

[0 0 4 2] MtSS4 7 2B-D, 4 7 4 B — D. 
47 6B-D, 47 8B-D4^fft4Jt«»li % K 

[0 0 4 3] ;M^M4 7 2B-D, 4 74B-D, 
47 6B-D. 4 7 8 B-Dtf^fr^hO/^^IC^o 

> hC0-e-tL-F+l(7)$i4 6 2 B' ~D* . 464B' ~ 
D' . 4 6 6B' ~D' . 4 6 8B' ~D' ±\zm,*l 
<5o ^*lbC7)5t^T-f/< • -tr^V > h 4 6 2 B' — 
D' . 4 64B' ~D' . 4 66B' ~D' . 468 
B' ~D' |£. ' -?7Z?*J V9 4 9 2<D^*L 

-ettO>A*7K- Hz&fSdFtlSo 
[0 0 4 4] ^ • 77?'J7^4 9 2 143;*:. 

562B-D, 5 64B-D, 566B-D, 5 6 8B 

77?U^4 9 2lt, *-a*A**^r-f/<- 
iz^> > h 4 6 2 B' ~D' % 46 4B* ~ D' . 46 
6B' ~D' . 4 68 B' ~D' fo«fctf 
Z?T^(/\ - J af* > h 5 6 2 B~D. 564B-D, 5 
6 6B-D. 5 6 8 B~D(0|Uj(O1 *f 1 CD3fe}S^$©Jffll 

9 4**LTIWM4 9 O^gflLfc^;/ t°>^tfr 

[0 0 4 5] «/7<jrHaPdJ*^T-f A • 4z^V>h4 4 



2. 444. 446. 448. 542. 54 4. 54 
6. 5 4 8\tm*temO&$:\Z$imi-&Zttf&Z><D 
■C. ■ ^t^'J 4 9 2lZ|fjg|$tLfcm- 

»fitbiJ3fc7 7"f /< ■ -tz?V > h<7)SA<. 5fcX"f • 

[0 0 4 6] &tz. »*«S»CD/<>**. ftX-fy^ 

• ^T^g ^^4 9 2a>A**icfcit«*-a«A** 

■ -fc^V > h4 6 2 B' ~D' . 464B' ~ 
D* . 4 6 6B' ~D' . 4 6 8B' ~D' -ei4&<, 
5teX-f y*f ' Z>7?*) v0 4 9 2<Dthjj$W>m— Sftfiffl 
JlittZP-y^ - -feSf* > h 5 6 2 B~ D. 5 64B- 
D. 56 6B-D. 56 8B-D[Cgit^-<i:tt^ 

[o o 4 7] MH8I4 9 0^t>tB*Saoai*$iJffli^ 

5 8 2A. 5 84A. 5 8 6A. 5 8 8AI4. X*f*;/^ 

• y— K4 o ossgx-r ^ • y — KdSS-g-f 

$®5 8 2A. 58 4A. 5 8 6A. 5 8 8AI4. 
*L«»<D***jft*5 7 2 A. 574 A. 576 A. 5 
7 8AfC»|6**tri^4. A«ft«l»5 7 2A. 574 
A. 5 7 6 A. 5 7 8 Al*, *J»3t«4 9 O^&aj** 

t^>h5 62A, 5 64A. 5 6 6A. 56 8A± 

[0 0 4 8] «WttB4 9 0^6SU$4lfr«fffl|«$ 

62A. 5 64A. 5 6 6A. 5 6 8A(4. i^Zf 
U^-9-5 5 2. 5 5 4. 5 5 6. 5 5 8 (D^tl^tHzti 
Wz£hXl^Z> 0 &tz. ^^-JXsO+yo 5 2. 5 5 
4. 5 5 6. 5 5 8 [CI*. ?tX^ • ^T^'J 4 

9 2^b(D^>r^f^^fci§ (-f fcfr^ataj^- 

6 2 B — D . 564B-D, 5 6 6 B — D. 5 68B- 

552. 554. 556. 558(4. m-}&M?iZ> 7 << 
/\ - -t^V > K5 6 2 A-D. 5 6 4A-D. 5 6 6A 
~D. 5 6 8 A-DO^tL-?4xCD^;i ^C^oT^ 

^>>K542. 544. 5 4 6. 5 4 8 Icj: oT-fix 
■5 f *L0)^rfiltte*&S|4 3 2. 434. 436. 438 fC 

[0O4 9] «WlSl4 9 0lt #*L<li*^E»JS* 
4 9 0B|Z*ia$tLfc^D-fe-;-y-4 9 0A*«iL-& o ^ 
Pir^-y-4 9 0 AI4. L<I4V7 h0i7 ■ T 7 ^^ 

[0 0 5 0] >^ijgjR 4 g 0BI4. **7"<-f^e"J 
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(availability ; mm pj^14) tf $S£ SS7^^ ^ t: 
'J ^r-f ■ ^-^KD^S-effitg-r^o IEI2CD (A) [4. 

■ n—zffri oo<7)«j££^o SK^T^^t: 'Jt^ 

• -x — ?)V7 OOI4, PORT (tK— h) my 1 O. W 
AVE LENGTH (Sft) 5lJ7 2 Ojb^l/AV A I L 
ABILITY (*l]ffi Pltglt) m 7 3 0 £ c P O 

rt^iJ7 1 014. x-r^ ■ y- kp^(7)7K- hr^ic 1 

O^x^h'J^tto 01(OX-f7f - /-K4000) 
00(DPORT?li7 1 Oft0>X> h U^[I4 4 

ic^ut>o tk-h4. micommm^. -tut>^> 40 

2. 4 0 4. 4 O 6fc£l/4 0 8Vt&%l£4nZ> 0 

[0051] m-^OTK— h(c«is-r^,^tL^(7)^T(-o 

int. ^0>* o -h£iioT;w^ • y-KicA*^^ 

14-^ - * £ 2 H 6 Z d: CD T* # -1) &g<Z>§& Izfif: o X . 
WA V E LENGTHS? 2 0 ICI4JS3&GQX > h U 3&*pT 
BgT'fe^o #Jxl4. Hll (DX-f • y — K4 0 OCDif 

WAVELENGTHS 7 2 0 IZI4* 0 — h 4 0 2 . 
4 0 4, 4 0 6, 4 0 8(7>^tL^+l|C^l£^-^6oa)3l 
>h'J^fc-5o WAVELENGTH?lj720^f^ 

h"cafii5***iri^4^5*^*-rx> hi a</ a v 

AI LABILITY *« 73 0P*}fzfc£ e A VA I L A 
B I L I T Y£i]7 3 0^(D^^X> h 'J C: 
l*2stfilA<®SrfeSo 
[00 5 2] ^^E'JIf 4 9 0Bf4£fc. ^^h^-<7 

5*4 9 0 BI4. ftZ??^ *\ -i2^>h412, 41 
4. 416. 4 1 80^O1O^UX-f7f 

, — K4 o oizfi|£*6tt*ihTiA£x-f ^ ■ y- KOT 
-f^>T-<^ (identity) £fSff^£o y^'JSffi^ 
9 0BI4Sfc. *y hD — <7<DmVlzM~?Z>m&<D h*' 
Pvtffg (cm*. ««X«*^ • y— Kl::«fc-DTX-f 

f ■ y-K4OO^0)?Pt7-9-4 9OAli s y^EU^ 

*4 9 oBrtfzffi«s*Lfc h/Kpy««Sffl^r. X-f 
h*°Pv • •W— ^Pt^4 9 

0 AliZO^'J— £BH>T. Wy^^'JIt4 9 0B 
[0 0 5 3] 0 2<D (B) (4. *«?Ba)»*Ll^Stlfi» 

f®|-J:£;u— ^r>r • t~ ^b6 o o ^^f c ;u— 
-f >^ ■ 'r— jT)l,e 0 014. W£L<l440CD^-f — ;u 
K. SIS TcX-f ^ ■ y — K (S s N) 

~^K6 i o. *B5fcx ■ y-K (DSN) z?^r- 

;UK6 20, h^^-< *$1#tt1*« (TC I ) 
K6 3 OfeJzl/^X h • *7^X^7f ■ / - K (N 
HSN) 7^-;iK6 4 0^tS o 
[0054] SSNjb^l/DSN;^- K 6 1 0. 6 



2 Oft<DX> HJ 14. *y h^— ^rtCD**a§X^ v=F • 

K6 3 0I4. )i,—^r>( Is? • "r—^JlsPXDZiJfcTr&ftCD 
DSN7>f-;i/K6 2 0|*?<DX> hUlC«feoT»»J**L 
fcx>f • /-K*&*«Lfc h77^ *$<M#141* 
$S$-^t;o -(D^dl-LT. TC I 7>f — ;u K6 3 0 
I*. -t*i-e*LO)^Sifex-f y^- - y — KcD^ti^ftcD;^ 

gnaling format) $ISSU^"-§>o 
[0055] i ocd^x^ ^ • y 

- Kiili&^actfc^flTcX-f ^ ■ y — KjE»€>% 
5fcx-f ^ ■ y-Klcir-i Sr*»«r4cttt-e#ft 

LfcA<oT. x^^^ 1 • y — K4 OOli— 21 

«7cjsj:t/5B5fea>paicf4»-r5— a<7>*pax-f vj- ■ y 
tt±©*<D*my — Ki4. ^xh-*7?'^7f 

• y — K (next hop switching node) £ LTfcD *d^x. 
CHI4. ;i/-f >r > ^ • f - ^;kd n h s n 7 K 
6 4 o-caigij**tft 0 ^^x h ■ 7t^^^- x-f - y 

— Kf4. ^fTux-f • y — k. JS5fex-f - y — 
K. ^7h9~^ • h/Ka^fect^h/KnvrtO^ScD 
x-f^ ■ y-KcD&s. a>isar*fe*o Lf:tf^t, 

[0 0 5 6] »f^^|Cf4. h^ — ^7rt(7>«^^X^ 

^;*I4. <7jfC0;gS;U— ^r-f ><f (WR : wa 

velength routing) hn;Ui<j:otf I$ti5 6 * 
*y h9~^rt(7)iS^±T*^t7cX^ • y — KA^&sa 

$fex^f^^ • y-Ki^-*£$E&-r&x>K*;/--x> 

K<Z)«Bf4. ^-^^tLCDX^ ■ S-h*£*v Kr7- 
^HcDSS^ v tft (WD : wavelength distribution) Zf 

[0 0 5 7] WR?P h=i;H4. fllf^X-f • 

i4, Ei 5 (4. ««e»x-r-^ >ri oio. mmm^T 

7^1 0 2 0fc4i;*«ffil^f 7^1 0 3 0^tt 0 
[0 0 5 8] «tOIC. e^X^»V^1 0 1 014. 

14 9 otfhtfp^tf^fccfctf h^?>r v^4ftt««€- 
ISx-f^ • y-Kiziiifi-rsx^^^^ftSo h?K 

p vffi?g[4. '^-K40 0(DT-<< J r>T'(T- 

>r<t. x-f y? 1 - y- K4 o oirBSmL, ^cDtK— hcD 
5*>cDioicS$$^ttyi:^tL^(DX^^^ • y-KO) 

T-f ^^^^^-ft^^So K77>T7^^tti« 

14. ^4x^*ia>7tx 0 — hlc^LTl^SpItE^^cr)^^^ 
(signaling type) CD U X C «!: ^<TJ ^ ^> p C 
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[0 0 5 9] fctikT.'rvZfCD 1 0 1 0 

Jtx-f ^ ■ y — nztpmrZo x*f ■ y — K4 o 

OlC<fcoT£{I£;|x£ftJ»iiffi£, WiLtf 1 0»<DSJH 
Lfctt»«ttlc*M*<*ofc!*lc(O^LjS«-r 4 - t tt? 

[0 0 6 0] fhfhox-f ^ ■ y- KI4. -ZfrSA 
<D«»«*fc # itT?ft<. -to»«y-Ka)«»p***ti 
i3l«-r*a>t?. **i-P*io>x-f - y-Kfi. *'vh 
r 7 — <7^<*<X) HtKp h^-^rto&x-Y ? 

[006 1] IBttXT- ^1 0 2 01*. §>J^P^B4 9 0 
t. (»X-f7^ " y-Ka^&a«Lfc-t*L&0)1t«i: 

y ^eu^4 9 oB^izsEtt-r^x^^^^fj: 

[0 0 6 2] ffllJiX-T-;/^ 1 0 3 0lt X^y 

^ - y — K4 0 Ort<7)W!8l3g«4 9 0 tf. >^E'J5*4 

9 o Brticiais**u*;u— -r-f >y • f-^i/j, tati 

X^r^l 0 2 0T?IBlf$+Lfc*^ — * - h*°Pv 

g}2(7> (B) lc^-T;u— -x-r ><f - ^— :?;u£#Brf * 
;U— ^-T ■ O 0(D^£OT(DNH s 

N^-r— ^K6 4 0*i»4fcftlc, x-f^-y — K 
;u— ir^ >^ - TJUf'jXA. 0»*.iiJB*na>D i jks 

t r a T;U=3 UXA (J. Mo y IF. Network 
Working Group RFC 1583. P 
P. 1 4 2- 1 6 OjfKDCio CC-tr. CO^iJ 
#BWJ»UA*L4) ZMftTho D i j k s t r a 

7;t/^ l jXA^;i/-f'i' >y ■ o ort(DRfr-5 

<7mi-^i^Tig«j£:*2x h ■ • x-y ^ ■ y — 

KS±*L4l^ NHSNfcckl/TC 

i7^f-;i/K630, 6 4 0Wc^^iS-r^x> h 'J ^-5* 

[0 0 6 3] WD^P h=a;UI4. ftlfiKDX'f ^ ■ 

Si (wd) zfn h=uufi. initia l_conn e 

CT I ON REQUEST (tlJHlfcKS*) > — 

V. CONNECT I ON REQUEST (&|^ 

3K) > >>-tz — v. CON N E C T I O N_CO N F I R 
M (&&fitS) y 7-t-vj3ctycONNECT I ON 
DENY mm^) >^-t-vStfc^<0^fl)^ 



[0 0 6 4] E6<03S*lEL «fcyJM*Wlw|*X-r^1 

6 i oz&m-t&t. m^<D7,^ ■ j — ww>z?u 

•r^i:. X^r-z^l 6 2 0t\ ^P-tr^+hl*. ^(7)/ y 
•fe— INITIA L_C O N N E C T I O N R E 

ques Ty ->-tz— ^■efc*3&<5*N*a*-r-& 0 INI 

T I AL_CONNECT I ON_REQUESTy V 

-t-vfiii^ mii&itTcx-r • y-Kizfta* 

[0 0 6 5] SflLfcy — INITIA 
L_CONNECT I ON REQU ES Ty viz — is 

t£±>\£. 2!«5cfc«fctf*fe*;W^ • y — Ki* iHflTc 
x-f^ • y — KlcJ^S+tfc-f >5r ^x— xiCckoT 
ttffl**t*«#^^~ -7^ h TCI S ) 
t^t^o xf'^i 6 3 0-e, ^n-fe-y+H*. TCI 
s*<***-f s/? 1 ■ y — Kl=i*l**3h;fc-f >*7x— x 

ic-a-ra^s*^***-*-*. Tci4<-aL«:it*i 
i*\ &«tcx-<^ - y-Ka>«*tt. tttt*aa-r« 

[0 0 6 6] tt, TC I A<— aUfcft&li. -JuMv 

*i4. s«7cfccti/^5fex-r • y — Kiw«a-r*ii/ 
— ^-r ■ -x— 3^;kd^tcdn h s n — ;u Krt<7)x 

fcX-f ■ y — K I- CONNECT I O N R E Q U 

EST^7t-V^Sft4c CONNECT I ON_ 
REQUEST^7t-vll L < (421ft 7cX*f 'V 

^ . /-K£!8t9J*r£ssN^y— 555tx^^ 
T • y-K£!&EiJ-f &DSN/\'^y— ^ir^^fco CO 

N N E C T I O N R E Q U E S Ty y* — i>(DMM£ 

fttz&m&lt. 36«7cy-Kfc«tl/5ft*y-K<DBl(D« 

8§±o> r^coj x-< - y — Kt Lr^Db^rtN^o 

[0 0 6 7] X^r^^l 6 2 0 T?afi*<5tB**lfc y V 

-t-y^, INITIA L_C O N N E C T I O N R 

EQUESTy ^iz — VTI4^< CONNECT I ON 
_REQUEST/7t-vtfc5-(!:tfc4 (INI 
T I A L_CONN E C T I O N_R EQU ES Ty y 

-tr-vc^^T*iil«7cx-<^^ • s-FfrZ&mZtitzC 

ONNECT I ON REQUESTS y\l — vCDct 5 

IZ) 0 CONNECT I ON_REQUES Ty ^-fe — 
v(4. 2HI5cX>f ■ y — Kfccfcl/^TfeX'f yj- ■ y 

cdx-<^^- y-K^sft-r^tcDt-r^o 

[0068] CONNECT I ON_REQUEST> 
vb—istf&mZtl&t* *"rvZfl 6 4 0T?. mJCOX 

^ . y _ Kfe^i/sascDx-f • y — KoHicffi 

iia. Xf ^^1 6 5 0i:^tct?lc, ^Piz^itli. 
CONNECT I ON DENY / y\l — v£fiu0)X-< 
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[0 0 6 9] ft*. ffi#©aft36<**»*. X^ry^l 
6 6 0T% S«0)X^ - J — KWCO^P-tr y+HzJg 

£ c mmf 6 7 or% stfta>x*f ■ y — 

*l*o »tta>x-f ■ y — KA<stieic^$fex-f 7f • 
y — K-cftit*u** x-r^^i 6 8 oic*-r«fe5f=i. c 

ONNECT I ON REQU ES T y ^iz— vttSffi 

[0 0 7 0] I^-f^f ■ y— K3W*BHz5SjfeX-f 

^ • y— KT?fc4fe6tf. X^r-i/^l 6 9 0t\ 3i£ 
a)x-f^f ■ y — KcD3fcx*< v=f"?7-3*) *y££ttL 

T-r-*««*^»St'**t«. C*tl*. «Mit4 9 0tf 

[0071] iH*«rt*ii*<i5*-r*afi6<-. y^ 1 ;^ 
a>a*ic«a-r l<p it 

r^^oj jM^fiox^^f ■ y — K33«fctf 
tt^Mffl wtt-eftL^ z <t £&iJ*-r <s 5 Miff * *t* o 

[0 0 7 2] ^#Jte**lfc8L X^T^I 7 00 
I*. fTOX-f^^ • y— K "ef*ffi# (Defile <fc-pT 

I6ox^f7f - y — Ki=**Wi=*«**iTt^*) ic 

CONNECT I ON_CON F I RM> — 
tg£tl&^t ^^LTL^o CONNECT I ON_C 
ON F I RM> ^-tr — vf*. S#0)a**f&£t4o 
[0 0 7 3] St/X^v^l 6 2 0*#St gfl 
y 7t-v^CONN E C T I ON_D EN Y y y-b — 
v<Di§^. X^z/^l 7 3 OlC^-f £ ^^t^-< 
#7^va>l*. SMS<7)X-f ^ • y— KA<3I«5cX-Y 

v=t- • y — K^e3bM=tt#-r«. as^^f -y- 
KtfaMisx-f ■ y — K-cat>a6tf. conne 

CT I O N D E N Yy S/ft. X-r^^l 6 5 0 

l=«-TJ:5fc1»©^-f ■ y — KfcSi***L*. Lfc 
tf*oT» CONNECT I ON_DENYy ^4z — v 

S$tttc:f*iiHI5cx-f • y-Kic»»u 

X^f^^l 7 4 0«oT, SSI*. 

[0 0 7 4] fi&f^. Xt-V^I 6 2 OX'S^f 7b<$tl22 
jfrfcy -b — vtfCON N EC T I O N_CON F I R 

My^-tr— vcd«^. x-r^^ i 7 i oizs-j-j:?!-* 



- y- Kjb^fficaHiTc;*^ ' K-efc** 
hit. i^iTcx-f ^ • y — Kfc«ki;*(Dx^ ^ ■ y 

0) . 

[0075] m&a>x<(v* - s — Ftitmmttmstx 

-f ^ - y — KTf&l^bl* (x^:/i 6 9 O) % S| 
Scdx-< ^ • y — KtHufccfcL^^cDx-f • y — K 
tam-c^-* t -f /< ■ -t ^y 

-f ^ - y — K^8ufccti;;jft(7)x^ - y — Ktcom 

<t^^>5o X-x^^l 7 0 OCItf-T -totco 
N N EC T I O N C O N F I RM> ^-fe — S?A<mT(7)X 

• y — Ki=3Bd*L«. 

[0 0 7 6] WD?P h•=l;^$ffll^T^:> K*y— ^> K 

h8 2 6-8 58^LT^ ^ ifrJiJ/<* — >-C»tt 
SfttaatDX-fyf - y—K 802-82 4^^-r^> 
3t^7K9-^8 0 0^^f 0 X-fyf - /-K802 
I*. «1A s *«JH-r**^T-f • -b^V > h 8 6 2 
$^LtISSWSi (CPE : customer premises eq 
uipment) 8 6 0 fcflMB$;tLTlt&. CPE8 6 0I1 
TC I S "e$tCt^t^i§7t-7 7 hS-filffl-T 
X-f • y— K8 2 41*. ;MA F^^ffl"^^>^ 
77^/\'"b^>h8 66 JHtCP E 8 6 4 
tt**tTl^So CPE 8 6 41*. *fl {TCI F J 

[0077] X-f-/^ • y — K 8 0 2-8 24 I*. *fS 

cox-r • y— KKfcL^TJU— t<{><? ■ "r—yjistf 

X-f 7f • y — KlcoL^TUft*^ 

-*tt*5fe*>«:l^=ftlc % S7C0 (A) I*. iMffiTcX-Y 
7f ■ S—FifiX'fy? ■ y— K8 0 2<t LTJt^^ 
*U MX^f - y— K#X-f 7f ^~K8 24t 
LT»S*4xTt^Sftl=»l6-r4X-f ■ y — K8 0 

2tMJto-f>f >^ • ^~^;U9 o oo-SP^ 
^■T 0 m^mici*. tc i me 3 0«<DI> h'JI*. X 

>T7f-y-K824 ICgiJ Hfc C P E 8 6 4 'J 
X h^^Lfc^TT— t^*)OC-4, OC- 
3 2. OC- 1 9 2&J:tf4r*jl£? h • -f — *t^*> h 
(Sftffiff) (GBE) T-T-ZZ&mTrZ^ttfX'Z 
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£>> <tl*5Ci:£^" 0 NHSN*i]6 4 OP*30)X> hU 
I*. X-< v=f- ■ J— K8 O 2fc<£tf8 2 4 £^J&K(D 

t^xh-^'^-x^f ^ ■ y — Ktfx-f • J — 
K8 0 8*eftSui$st. 

[oo7 8] gi7(7) (b) i*. x-r^-y — 

KB o 8(D>^'JS^WfcfB1S3Fixfc;U— v-f ><f ■ t 

^ • /- K8 0 2fcctt/8 2 4£^fciifi7E-*&5te(7>fl 
frtHzftJEr&o JU— x-f ■ -r— Z?;U9 5 0*<X-f 
^ • /-K8 0 8<Dm*frh>±m$*l. Lf^oT, 
NHSN5i|6 4 0rtO)X>h l Jtt, X-f^^-y — K8 

0 2rtlCfBtt*tlfc;U— -r-f >^ • 0 OCDN 
HSN5lj640rt(Dl>KUtliI&^o H7CD (B) 
GMMTMi* N HS N#J 6 4 Ofa(7)X> h 'J|*X-f ^ ■ 

y-Ks i 0S»St4. x-f ^ - /-K8 

10,81 6fcckl/8 1 8rtlZfBffi$tL^;U— 
" "r— 7)Vft(DN H S N#j6 4 OF^C0*fj£-r&x> K ij 
I*. ^-ft-^tlX-f - y-K816, 8 1 8fccfcr/8 

[0 0 7 9] C(7)cfc5IC. gj3(D*^(DH^-CjR-rj:5 
X-f - y— K8 0 2*5cfcr/8 2 4<©IHlCtt3fe^ 
T-f /< ' -tz^y > h 8 3 0, 83 6. 8 42, 8 4 8fc 

iMfiTcx^^^ ■ y — Kfccfci/ia^fex-f^^ 1 • y — kcd 
-r^ra>*B&-fra)iii»c»ft«iftiiB4<#tt-r-6. 
[0 0 8 0] WD?p ha;i/©^ ^iz— ySJft^SClc-b 
l*T* H30)*^ K^ — ^tecfcl/eB6a>3l[*LBI*5l*l* 
fMLWfiMti, »tOIC. CPE8 60feJ:tf 
CP E 8 6 4 0)BBIcx> KW— x>KcD^r— $J£it£fii 

' ^ • y- K8 o 2lce;tb*L£ 0 r#*>%* IN IT 

1 A L C O N N E C T I O N_R EQ U EST^^t 

— V*<X*f 7f - y-K8 0 2|CcfeoTgfi**L* 0 

[008 1]WD?P hzUUICffcoT (X^^^l 6 3 

o-e) % x-r • y — Ks o 2(i % cpe86 o<d\% 

•^7t-7^ht^TCI S J, CPE8 64ICS 

(tci F ) tJttt-r-5. "tc ia>-a*<«tai**i6 

^{ItcX^ • /-K80 2rt(D^P-t?^+Mi. 

^cd;u— t->t ■ f—'Jiv mio (a) ) £#bbl 
t, ^cDJtfi7t-$B5fex-f ^ • y — KflMUfr&i::** 
PS-^^^fcoNHSN^^— ;u Krtox-r ^ ■ y — Ka> 

aicLTtasij^tifcx^ • /— Kiix-r ^ • y- 

K8 0 8-Cfc^ (TC I s^tt (TCIf) 0>S*T' 

B6(DXf*;?1 7 4 oic^-rjc^lc. i£{l7cX-f 
• y - K 8 o 2 ttCDfrJp^Mli. x>K - i— ^ f=«|» 

-^<E>&. ^JItcX^ - y — K8 O 2.PKI)-Ju J <LV'*t 



I*. CONNECT I ON REQUEST>7t — \s 

£^S*bU ^*l£X-f ^ • y— K8 0 8|Zj!Hl-f£ 
(Xt* ^ ?1 680) o CONNECTIO N_R EQ 
U ES T> yiz—i>\t. X-f ^ • J — K8 0 2 £iHft 

teX-y^ - y— KtLTMIU • y-K8 

2 4^^^f • y— KtLTBHMLTL**. CO 
NNECT I ON_REQUEST^7t-vlt 31ft 

sex-r • y — Ks o 2iz«fcoT»afc*i*rtSfctt 
*tt«W»ft*;us^Ltx-f ■ y — K8 o siz 

[0 0 8 2] H60Xf7^1 6 4 OfCftoT. X>f v 
¥ ■ y — K8 0 8lt M7^7f'Jf^ • ^— 

x-f v¥ ■ y — Ks o 8 ^ftjox-f - y 
— K (~<7)#i]-Trf£ N JSfiTcx-r v=f- ■ y— Ks o 2) [c 
te*"*"6*^T-f /< - iz^fy > h 8 3 0±[c^^(7);S5 

Mo^ofc^C&lf. CON N ECT I ON_REQUE 

s jy 7t-y(03 1°— fx-< - y — Ks 1 oicjg 

{IL (X^f^^i 6 8 0) , »«3f*35«B±S*6iz 

lilig^^X. CONNECTION_DENY>7t- 
vA<JIHi7cX-< v=5- • y — K8 0 2fzjga!**i-5 (X^ 
^^1 6 5 0) 0 cceii. x-r • y — K8 o 8ii 
^5feX>f 7f - y-K8 2 4-oiifciMD-e. ««l±*/f 

[0 0 8 3] ilUl^tLfcC ON N E C T I O N_DEN 

<&g* (c(D<r— x-eii. pt^r-f ■ -tz^y > h 8 3 

a«J&7^— hBt^o @6(DXf7?1 7 3 0 
7 4 0t*li, CONNECT ION DENY 

y 'yiz-i^gfrr**:. iMitTcX^^^ ■ y-K8 0 
2rt<D*J»K«id\ CP E 8 6 ocdx> K • a.— +f \zm 

[0 0 8 4] X-Y 7f • y — K8 1 0. 8 1 6. 818 

Micx-r^^ • y — K8 0 8<ti5ji;$x?£itfr-r£>o 

Lfctfot, 3t^T-T/\* - -tz^'y > h 8 3 6. 8 4 2fc 

£tf8 4 8'a>-tti-p*i-esft«*<«fflRr*6rft#itf. co 

NNECT I ON REQUESTS «yiz — i/f4«»M 

(c^g5feX^ 7^-/-K8 2 4lzJ:oTg:<i^ti^ 0 H 
^$|C % x-fy^-y — K810. 816. 8180)5*) 

Ol OlZaSill^+LfcCONNECT I O N D EN 

y-tZ— i^HljcXY 7f - ;-F80 2fZ$n^^ 

[0 0 8 5] TCI s^fl ITC I p ) irjgU Stiltt 
• y — K8 0 2IZ«totilfiS*LfcCONNECT I O 
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N_REQUEST^7t-y|j:, rrfafclj X-f • 
/ — K808, 8 1 0. 8 1 6}SJ:l/8 18^LtI 
H»lw^5tX-f • y — K8 2 4lcIiJ3S-r5o £S5fcX 
V=5- - y — K8 2 4I4. CONNECT I ON_RE 
QUESTS ^Hz — vI^C7)DS N/<^y — ^|CJ:oT^ 

9J**L4-o)-e. 5B5fcx-r • y — ks 2 4i4. 

&fl7cX-f 7f '/-K80 2fr&»3^;h,*»ftMfce 
S&JKDgffeC&X-f • y-K-Cfei>C<b:$*D^) 0 B 3 

8 6 6&1tLT9Z9tX<{ V* ■ y— K8 2 4llft«**l 

fcCPE864tfe5o CONNECT I ON REQ 

U ES T> ^y-fe— vICJfcgLT. 5&5fcX-f ^ ■ y — K 

8 2 4 -/im. 5&5tex-< ^ • y — K8 2 4 

&&tftpm*<<vT - y — ks i s*\£Wtt&%v7'< 

So 

[0 0 8 6] -ta>«fc5£iSiL #0*14* A i3b<mo^S 
^— *l*ttA<StjlS*i4 Wf7^1 7 2 0) o m 
tfrMlctt. Mffp&Sfi. A i |::B«irft*-»*A*# 
• -tr^*y > h-t(7);fcffi-^£. IES«F^B8 6 
4|C&$*£ftfc3fc:7 7*f'/< • "tZ^y > h 8 6 6lCtJJlJ^ 

S»*»ft»l^ ;MA F<Dfifc*2l*"f S. A i *<A F 

t«**»*icf4. *a>*Mj*»i* % asKtk«m? 

t4«54<fc4o SfcSfcX-T 7f «y-K824 

iS«J#frtf>AVA I LAB I L I T Y V 4 — )\, K 7 

3 ofioxv h'jiri*, ?t^T-r a - -tz^/y > h8 5 4 

[0087] %7.<< - ^r^'j vo^—zmmz 
is^-r*ck5(3^Lfc^-e. i7(Dxt 7^1 700 

HEaSiifcWD^Dh3;ui % *&5fcx-Y^ • y — K 

8 2 4 7b<4 3 fe1X-f • y — K8 1 8 |C CONNECT 

I O N C O N F I RMy ^iz — S/£3£«-f £<fc 35* 

t^>e CONNECT I ON_CON F I RMy *V-tz — 
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1. Title cf InveBtioD 
OPTICAL SWITCH AND PROTOCOLS FOR USE THEREWITH 

2 . Claims 

1- A switching node, comprising : 

an optical switch fabric for switching optical signals 
arriving on a plurality of input optical fiber segments over to 
a plurality of output optical fiber segments in accordance with 
mapping instructions; 

wavelength conversion means connected to the optical 
switch fabric, for modifying the wavelengths occupied by 
incoming or switched optical signals in accordance with 
conversion commands; and 

a control unit connected to the optical switch fabric 
and to the wavelength conversion means, for exchanging control 
information with other switching nodes using a network layer 
protocol and generating said mapping instructions and said 
conversion commands based on said control information. 

2. A switching node as claimed in claim 1, wherein said 

control information is exchanged using an out -of -band control 
channel . 

3 • A switching node as claimed in claim 1 , wherein the 

out-of-band control channel is an optical supervisory channel. 

4. A switching node as claimed in claim 1, wherein said 
control information is exchanged using an in -band control 
channel . 

5. A switching node as claimed in claim 1, further 
comprising a plurality of ports for connecting the switching 
node to adjacent switching nodes via a respective fiber optic 
link and further comprising, for each port: 
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an optical directional coupler connected to the 
respective port; 

an optical multiplexer connected between the 
respective optical directional coupler and a respective 
plurality of the output optical fibers; and 

an optical demultiplexer connected between the 
respective optical directional coupler and a respective 
plurality of the input optical fibers. 

6 - A switching node as claimed in claim 5, further 

comprising: 

at least one additional input optical fiber segment 
connected to each optical demultiplexer for carrying control 
information from the switching node connected to the respective 
port; 

at least one additional output optical fiber segment 
connected to each optical multiplexer for carrying control 
information to the switching node connected to the respective 
port; and 

optoelectronic conversion means connected between the 
control unit and the additional input and output optical fiber 
segments. 

7 - A switching node as claimed in claim 5, wherein the 
control unit comprises a processor and a memory element 
accessible by the processor. 

8 - A switching node as claimed in claim 7, wherein the 
memory element stores a routing table and a wavelength 
availability table, wherein the routing table contains a next 
hop switching node field associated with every possible .pair of 
terminal switching nodes and wherein the wavelength availability 
table contains the identity of the switching nodes connected, to 
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any of the ports by a respective mult i -wavelength fiber optic 
link and, for each wavelength, an indication of whether that 
wavelength is occupied or available. 

9. A switching node as claimed in claim 8, wherein the 
next hop switching node field is generated by the control unit 
executing a routing algorithm. 

10. A switching node as claimed in claim 9, wherein the 
routing algorithm is the Dijkstra algorithm. 

11. A switching node as claimed in claim 8, wherein the 
switching node is connected to a previous switching node in a 
path identified by a first terminal switching node and a second 
terminal switching node, and wherein the control unit is 
operable to: 

a) receive messages from the previous switching node? 

b) if the message is a connection_request message, then: 

access the wavelength availability table to identify 
an available wavelength on the link, between the current and 
previous switching nodes, said available wavelength being 
associated with one of the input optical fiber segments ; 
and 

if the current switching node is the second terminal 
switching node: 

generate mapping commands for establishing a 
connection using said available wavelength between the 
input optical fiber segment associated with said 
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available wavelength and one of the output optical 
fiber segments; and 

send a cqnnection_conpirm message to the previous 
switching node; 

otherwise: 

access the routing table to determine the 
contents of the next hop switching node field 
associated with the first and second terminal 
switching nodes; and 

forward the connect i on__request message to the 
switching node identified by the next hop switching 
node field; and 

c) if the message is a connection_confirm message, then: 

generate mapping commands for establishing a 
connection using said available wavelength between the 
input optical fiber segment associated with said available 
wavelength and one of the output optical fiber segments; 
and 

send a connection_oonfirm message to the previous 
switching node. 

12. A switching node as claimed in claim 11, wherein said 

conversion commands are sent to the wavelength conversion means 
if the available wavelength used by an input optical fiber 
segment differs from the wavelength associated with the output 
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optical fiber segment to which the input optical fiber is 
connected by the optical switch fabric. 

13. A switching node as claimed in claim 1, wherein the 
control information includes topology information about the 
network and wherein the mapping instructions and conversion 
commands are automatically reconf igurable as a function of 
changes in the topology information. 

14. A switching node as claimed in claim 1, wherein each 
input optical signal consists of a sequence of packets, with 
each packet containing of a header and a payload, the switching 
node further comprising: 

means connected to the input optical fiber segments 
and to the control unit, for extracting the header of each 
packet ; 

wherein the mapping instructions and the conversion 
commands are further dependent on the information contained in 
the header. 

15. A switching node, comprising; 

a first plurality of optoelectronic converters, for 
converting input optical signals occupying respective 
wavelengths into electronic signals; 

a second plurality of optoelectronic converters, for 
converting output electronic signals into output optical signals 
occupying respective wavelengths; 

a digital switch fabric connected to the 
optoelectronic converters, for switching the input electronic 
signals over to the output electronic signals in accordance with 
mapping instructions; and 

a control unit connected to the digital switch fabric 
and to the optoelectronic converters, for exchanging control 
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information with other switching nodes using a network layer 
protocol and generating said mapping instructions based on said 
control information. 

16. A switching node as claimed in claim 15, wherein said 
control information is exchanged by means of an out-of-band 
control channel . 

17. A switching node as claimed in claim 15, wherein said 
control information is exchanged by means of an in-band control 
channel . 

18. A switching node as claimed in claim 15, further 
comprising a plurality of ports for connecting the switching 
node to adjacent switching nodes and further comprising, for 
each port : 

an optical directional coupler connected to the 
respective port ,- 

an optical multiplexer connected between the 
respective optical directional coupler and respective ones of 
the first plurality of optoelectronic converters; and 

an optical demultiplexer connected between the 
respective optical directional coupler and respective ones of 
the second plurality of optoelectronic converters. 

19. A switching node as claimed in claim 18, further 
comprising : 

at least one input optical fiber segment connected to 
each optical demultiplexer for carrying incoming control 
information ; 

optoelectronic conversion means connected between the 
input optical fiber segments and the control unit; 
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at least one output optical fiber segment connected to 
each optical multiplexer for carrying outgoing control 
information; and 

optoelectronic conversion means connected between the 
control unit and the output optical fiber segments. 

20. A switching node as claimed in claim 15, wherein the 
control unit comprises means for re- formatting the input 
electronic signals prior to switching. 

21. A switching node as claimed in claim 15, wherein the 
control unit comprises means for re- formatting the output 
electronic signals after switching. 

22. A method of establishing a data connection between 
first and second terminal switching nodes in an optical network, 
the network comprising said terminal switching nodes and a 
plurality of other switching nodes interconnected by multi- 
wavelength optical links, the method comprising: 

identifying a path comprising a set of links and 
wavelengths for transporting data between the first and second 
terminal switching nodes via zero or more intermediate switching 
nodes ; and 

at each intermediate switching node connected to a 
respective ingress link and a respective egress link in the 
identified path, switching the optical signals arriving on the 
respective ingress link over to the respective egress link and 
performing wavelength conversion if the wavelengths occupied on 
the respective ingress and egress links are different. 

23. A method as claimed in claim 22, wherein the step of 
identifying a path comprises: 
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a) at each switching node, associating a respective next 
hop switching node with every possible pair of switching nodes; 

b) the first terminal switching node forwarding a data 
connection request message to the next hop switching node 
associated with the instant combination of the first and second 
terminal switching nodes; 

c) upon receipt of the connection request message, the 
next hop switching node reserving a wavelength on the link 
connecting the next hop switching node to the first terminal 
switching node; 

d) renaming the next hop switching node as the current 
switching node; 

e) if the current switching node does not correspond to 
the second terminal switching node, the current switching node 
forwarding the data connection request message to the next hop 
switching node corresponding to the instant combination of the 
two first and second terminal nodes; 

f) upon receipt of the connection request message, the 
next hop switching node reserving a wavelength on the link 
connecting the next hop switching node to the current terminal 
switching node; 

g) repeating step d) , e) and f ) until the current 
switching node corresponds to the second terminal switching 
node. 

24. A method as claimed in claim 23, wherein step a) 
comprises executing a routing algorithm based on topology 
information about the network. 

25. A method as claimed in claim 24, wherein said topology 
information is exchanged among the switching nodes using a 
control channel . 
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26. A method as claimed in claim 25, wherein the control 
channel ie an in -band control channel . 

27. A method as claimed in claim 25, wherein the control 
channel is an out -of -band control channel occupying at least one 
wavelength along each link. 

28. A method as claimed in claim 22 , wherein switching the 
optical signals comprises: 

at the intermediate switching node connected to the 
second terminal switching node: switching the optical signal 
occupying the reserved wavelength on the respective ingress link 
over to the reserved wavelength on the respective egress link 
and forwarding a connection confirmation message to the 
switching node connected to the ingress link; and 

at every other intermediate switching node: upon 
receipt of a connection confirmation message, switching the 
optical signal occupying the reserved wavelength on the 
respective ingress link over to the reserved wavelength on the 
respective egress link and forwarding a connection confirmation 
message to the switching node connected to the ingress link. 

29. A wavelength distribution protocol for enabling the 
establishment of a data connection between a first terminal 
switching node and a second terminal switching node via zero or 
more intermediate switching nodes along a path in a network, 
wherein an initial connection_request message is sent to the first 
terminal switching node upon initially requesting said data 
connection, the protocol comprising, at each current switching 
node connected in said path between a previous switching node 
and/or a next switching node by respective optical links: 
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receiving messages from the previous or next switching 

node ; 

if the message is a connectiqn_request message, then: 

if the current switching node is not the first 
terminal switching node, identifying and storing an 
available wavelength on the link between the current 
and previous switching nodes; and 

if the current switching node is the second 
terminal switching node, establishing a connection" 
using the available wavelength and sending a 
connect i on_confirm message to the previous switching node, 
otherwise forwarding the connection_rbquest message to the 
next switching node; and 

if the message is a connect ion_con firm message, then: 

establishing a connection using the previously 

stored available wavelength; and 

if the current switching node is not the first 

terminal switching node, sending a connection^ confirm 

message to the previous switching node. 



3. Detailed Description of JineoticD 
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FIEIiD OP THE INVENTION 

The present invention relates to the field of optical 
switching in general and, more particularly, to optical 
switching nodes for use in an optical network. The invention 
also pertains to protocols governing the behaviour of the 
switching nodes. 

BACKGROUND OF THE INVENTION 

The development of high-capacity networks has been 
driven by the need to establish high-bandwidth data connections 
among remote sites, for instance, between clients and servers. 
Most often, the communications infrastructure for such a 
network is provided by one or more long-distance carriers 
serving the geographic region that encompasses the various 
remote sites. A carrier may lease fiber optic lines to 
customers wishing to establish high-capacity connections. 
Within the carrier's network, optical switching nodes are then 
configured to support the desired connections. 

Usually, a carrier leases its fiber optic lines with 
a view to long-term usage thereof. Thus, switch configurations 
established at the time of provisioning the high-capacity 
connections are expected to remain in place for a period of 
months or years. Therefore, the switches in the network can be 
configured manually with virtually no impact on cost or quality 
of service provided. 

However, it is not feasible to manually configure a 
large number of switches when dealing with a network whose size 
and/or topology are in constant evolution. Furthermore, the 
manual configuration of switches cannot accommodate situations 
in which the bandwidth or quality of service requirements of 
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the traffic to be transported through the network is time- 
varying or if there is urgency in establishing new high- 
capacity connections through the network. Although it is 
desirable to provide switches which are automatically 
reconfigurable as a function of changes to the topology and 
traffic load of the network, such a capability is currently not 
available . 

Moreover, the most common approach to establishing 
end-to-end data connections in current optical networks relies 
on the utilization of the same wavelength, say X X / along a 
manually configured path throughout the network. This prevents 
the establishment of other data connections using A* as an end- 
to-end wavelength if part of the path corresponding to the new 
connection intersects part of the path corresponding to the 
original connection. This places a severe constraint on 
wavelength usage in a current optical network, with the effect 
of drastically reducing the overall bandwidth efficiency in the 
network . 

Thus, it is apparent that there is a need in the 
industry to provide an optical switching node which overcomes 
the above stated disadvantages . 

SUMMARY OP THE INVENTION 

The invention can be described broadly as a switching 
node that includes an optical switch fabric, a wavelength 
conversion unit and a control unit. The optical switch fabric 
is connected to the control unit and is used for switching 
optical signals arriving on a set of input optical fiber 
segments over to a set of output optical fiber segments in 
accordance with mapping instructions received from the control 
unit. The wavelength conversion unit is connected to the 
optical switch fabric and is used for modifying the wavelengths 
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occupied by incoming or switched optical signals in accordance 
with conversion commands received from the control unit. 

The control unit is used for exchanging control 
information with other switching nodes using a network layer 
protocol and generating the mapping instructions and the 
conversion commands based on this control information. This 
switching node allows the input and output wavelengths of an 
optical data signal to occupy different wavelengths, which 
provides many benefits, among which is included the benefit of 
increased wavelength efficiency in an optical network. 

Preferably, the control information is exchanged 
using a out -of -band control channel such as an optical 
supervisory channel. 

Preferably, the control unit includes a processor and 
a memory element accessible by the processor. The memory 
element preferably stores a routing table and a wavelength 
availability table. The routing table contains a next hop 
switching node field associated with every possible pair of 
terminal switching nodes. The wavelength availability table 
contains the identity of the switching nodes connected to any 
of the ports by a respective raulti -wavelength fiber optic link 
and, for each wavelength, an indication of whether that 
wavelength is occupied or available. 

The switching node is most often connected to a 
previous switching node in a path identified by a first 
terminal switching node and a second terminal switching node. 
In such a scenario, the control unit is preferably operable to 
receive messages from the previous switching node. 

If the message is a so-called connection_request 
message, then the control unit will preferably access the 
wavelength availability table to identify an available 
wavelength on the link between the current and previous 
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switching nodes, the available wavelength being associated with 
one of the input optical fiber segments. 

If the current switching node is the second terminal 
switching node, then the control unit will preferably generate 
mapping commands for establishing a connection, using the 
available wavelength, between the input optical fiber segment 
associated with the available wavelength and one of the output 
optical fiber segments; and send a connection_conpirm message to 
the previous switching node. 

Otherwise, if the current switching node is not the 
second terminal switching node, the control unit will 
preferably access the routing table to determine the contents 
of the next hop switching node field associated with the first 
and second terminal switching nodes; and forward the 
connect i on_rbquest message to the switching node identified by the 
next hop switching node field. 

If, on the other hand, the message is a so-called 
connection^ confirm message, then the control unit will preferably 
generate mapping commands for establishing a connection using 
the available wavelength between the input optical fiber 
segment associated with the available wavelength and one of the 
output optical fiber segments; and send a connection_confirm 
message to the previous switching node. 

In order to accommodate a packet -based architecture, 
in which incoming optical signals are formed of packets having 
a header and a payload, the switching node may include an 
additional conversion unit connected to the input optical fiber 
segments and to the control unit, for extracting the header of 
each packet. In this case, the mapping instructions and the 
conversion commands generated by the controller will further be 
dependent on the information contained in the header of each 
packet. 
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In another embodiment, the switching node includes a 
first set of optoelectronic converters and a second set of 
optoelectronic converters. The first set of converters is used 
for converting input optical signals occupying respective 
wavelengths into electronic signals, while the second set of 
converters is used for converting output electronic signals 
into output optical signals occupying respective wavelengths. 

The switching node also includes a digital switch 
fabric connected to the optoelectronic converters, for 
switching the input electronic signals over to the output 
electronic signals in accordance with switching instructions. 
Finally, the switching node includes a control unit connected 
to the digital switch fabric and to the optoelectronic 
converters . The control unit exchanges control information 
with other switching nodes using a network layer protocol and 
generates the switching instructions based on the control 
information. 

In this embodiment, the switching node provides 
grooming functionality in the sense that the input electronic 
signals can be reformatted so that when these reformatted 
signals are switched and then converted into an optical format 
by the second set of converters, the resulting optical signal 
can be in a desired format. This improves compatibility among 
end user equipment in a network. 

The invention may be summarized at the network level 
as a method of establishing a data connection between first and 
second terminal switching nodes. The network is understood to 
include the terminal switching nodes as well as a group of 
other switching nodes interconnected by multi- wave length 
optical links. 

The method includes a first step of identifying a 
path comprising a set of links and wavelengths for transporting 
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data between the first and second terminal switching nodes via 
zero or more intermediate switching nodes. 

The method also includes the step of, at each 
intermediate switching node connected to a respective ingress 
link and a respective egress link in the identified path, 
switching the optical signals arriving on the respective 
ingress link over to the respective egress link and performing 
wavelength conversion if the wavelengths occupied on the 
respective ingress and egress links are different. 
Advantageously, this allows a data connection to be established 
using different wavelengths along the way. 

The invention can also be summarized as a wavelength 
distribution protocol for enabling a data connection to be 
established between a first terminal switching node and a 
second terminal switching node via zero or more intermediate 
switching nodes along a path in a network. The protocol is 
executed at the various switching nodes in the network. 

At each current switching node connected in the path 
between a previous switching node and/or a next switching node 
by respective optical links, the protocol includes the 
capability to receive messages from the previous or next 
switching node . 

If the message is a connection_request message, then if 
the current switching node is not the first terminal switching 
node, the protocol includes identifying and storing an 
available wavelength on the link between the current and 
previous switching nodes. 

Also, if the message is a connection_requbst message and 
if the current switching node is indeed the second terminal 
switching node, the protocol includes establishing a connection 
using the available wavelength and sending a connection_confirm 
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message to the previous switching node, otherwise forwarding 
the connecti on_request message to the next switching node. 

If, however, the message is a connection^confiem 
message, then the protocol includes establishing a connection 
using the previously stored available wavelength and if the 
current switching node is not the first terminal switching 
node, sending a connecti on__confirm message to the previous 
switching node. 

For the protocol to operate as intended, an initial 
connecti aN_REQUEST message is assumed to be sent to the first 
terminal switching node upon initially requesting the data 
connection. 

By participating in this protocol, switching nodes 
automatically participate in the end-to-end establishment of 
data connections using dynamically assigned wavelengths, which 
improves overall bandwidth efficiency of the optical network 
and provides more flexible protection switching, which no 
longer requires the input and output wavelengths to.be 
identical. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 shows an optical switching node 4 00 for 
connection to other switching nodes in an optical network. 
According to the preferred embodiment of the present invention, 
the switching node 400 comprises a plurality of ports 402, 4Q4, 
406, 408 connected externally to a respective plurality of 
mult i -wavelength optical fiber segments 412, 414 , 416, 418. 
Optical fiber segments 412, 414, 416, 418 are bidirectional and 
serve both as ingress and egress links to neighbouring 
switching nodes (not shown) . Alternatively, multiple optical 
fiber segments (e.g., one for ingress and one for egress) could 
connect the switching node 400 to each of its neighbours. 

Optical fiber segments 412, 414, 416, 418 preferably 
carry data to and from the neighbouring switching nodes. 
Optical fiber segments 412, 414, 416, 418 also preferably serve 
as control links between the neighbouring switching nodes by 
using dedicated supervisory wavelengths (known as an optical 
supervisory channel) . Other ways of establishing control links 
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to the switching node include the uae of dedicated electronic 
control lines. 

Although depicted as having four ports, the switching 
node 4 00 can have any number of porta greater than or equal to 
two. Also, while optical fiber segments 412, 414, 416, 418 are 
intended to be connected between ports of neighbouring 
switching nodes, it should be understood that one or more of 
the optical fiber segments 412, 414, 416, 418 can be used for 
transporting individual or multiplexed optical channels to or 
from customer premises equipment. In this case, the switching 
node 400 would be referred to as an add/drop node. 

Within the switching node 400, ports 402, 404, 406, 
4 08 are connected to respective directional couplers 432, 434, 
436, 438 by respective intermediate optical fiber segments 422, 
424, 426, 428. Intermediate optical fiber segments 422, 424, 
426, 428 are bidirectional and preferably carry both data and 
control signals to and from the inside of the switching node 
400. The directional couplers 432, 434, 43 6, 438 are known 
components which couple two unidirectional multi -wavelength 
signals travelling in opposite directions to a single 
bidirectional multi -wavelength signal. 

In one direction, each directional coupler 432, 434, 
436, 438 retrieves incoming data and control signals carried on 
the respective intermediate optical fiber segment 422, 424 , 
426, 428 and feeds the incoming signals so retrieved to a 
respective optical demultiplexer 452, 454, 456, 458 along a 
respective intermediate optical fiber segment 442, 444, 446, 
44 8. 

In the opposite direction, outgoing data and control 
signals are fed to the directional couplers 432, 434, 436, 438 
by a respective optical multiplexer 552, 554, 556, 558 along a 
respective intermediate optical fiber segment 542, 544, 546, 
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548. Each directional coupler 432, 434, 436, 438 transfers the 
respective outgoing data and control signals onto the 
respective intermediate fiber optic segment 422, 424, 426, 428 
connected to the respective port 402, 4 04, 4 06, 4 08. 

Each optical demultiplexer 452, 454, 456, 458 
separates the mult i -wavelength optical signal arriving on the 
respective intermediate optical fiber segment 442,. 444, 446, 
448 on the basis of wavelength to produce a respective set of 
individual optical signals appearing on a respective plurality 
of single -wavelength optical fiber segments 462A-D, 464A-D, 
466A-D, 468A-D. 

Although Pig. 1 shows each of the optical 
demultiplexers 452, 454, 456, 458 as being associated with four 
single-wavelength optical fiber segments, it is to be 
understood that the number of segments emanating from an 
optical demultiplexer can correspond to the number of 
wavelengths in each mult i- wavelength optical signal arriving at 
the respective optical demultiplexer along the respective 
intermediate optical fiber segment 442, 444, 446, 448. 

Among the plurality of single -wavelength optical 
fiber segments emanating from each demultiplexer, at least one 
of these will preferably be used for transporting control 
information and the remaining ones will preferably be used for 
transporting data to be switched. The transport of control 
information on a dedicated wavelength between two switching 
nodes is known as establishing an "out-of -band" control 
channel. Alternatively, an "in- band" control channel can be 
established by embedding a control - laden header within the data 
transported between two switching nodes, e.g., in a header 
portion . 

In the specific case of Fig. 1, single-wavelength 
optical fiber segments 462A, 464A, 466A, 468A provide out-of- 
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band control channels for carrying incoming control information 
from neighbouring switching nodes. Each single -wavelength 
optical fiber segment 462A, 464A, 466A, 468A is connected to a 
respective optoelectronic converter 472A, 474A, 476A, 478A. 
Each optoelectronic converter 472A, 474A, 476A, 478A converts 
the optical control signal on the respective single -wavelength 
optical fiber segment 462A, 464A, 466A, 468A into an electronic 
control signal on a respective input control line 482A, 484A, 
486A, 488A. Input control lines 482A, 484A, 486A, 488A are 
connected to a controller 490. 

The remaining sets single -wavelength optical fiber 
segments 462B-D, 464B-D, 466B-D, 4 68B-D carry incoming data and 
each set is fed to a respective bank of controllable wavelength 
converters 472B-D, 474B-D, 476B-D, 478B-D. Each wavelength 
converter 472B-D, 474B-D, 476B-D, 478B-D is a device which 
translates the optical signal on the respective single- 
wavelength optical fiber segment 462B-D, 4 64B-D, 466B-D, 468B-D 
from its present wavelength onto a (possibly different) 
wavelength specified by a control signal sent by the controller 
490 along a respective control line (not shown) . 

It should be appreciated that wavelength conversion 
as performed by the wavelength converters 472B-D, 474B-D, 476B- 
D, 478B-D could be achieved via direct optical methods or by 
conversion into the electronic domain, followed by conversion 
back into the optical domain on another specified wavelength. 

The signals converted by each bank of wavelength 
converters 472B-D, 474B-D, 476B-D, 478B-D appear on a 
respective set of single -wavelength input optical fiber 
segments 462B'-D', 464B'-D', 466B'-D', 468B'-D' which are fed 
to respective input ports of an optical switch fabric 492. 

The optical switch fabric 492 also has a plurality of 
output ports connected to a respective plurality of single- 



(40) 



*$BB 2001-1 19734 



wavelength output optical fiber segments 562B-D, 564B-D, 566B- 
D, 568B-D. The optical switch fabric 492 comprises circuitry 
for cont roll ably establishing one-to-one optical connections 
between single-wavelength input optical fiber segments 462B' - 
D', 464B'-D' / 466B'-D', 46BB'-D' and single -wavelength output 
optical fiber segments 562B-D, 564B-D, 566B-D, 568B-D. The 
data connections are established on the basis of mapping 
instructions received from the controller 4 90 via a control 
line 494 . 

Those skilled in the art will appreciate that because 
the various intermediate optical fiber segments 442, 444, 446 f 
448 , 542 , 544 , 546, 548 may accommodate differing numbers of 
wavelengths , the number of single -wave length output optical 
fiber segments connected to the optical switch fabric 4 92 may 
differ from the number of single -wavelength input optical fiber 
segments connected thereto. 

It will also be understood that the banks of 
wavelength converters could be connected to the single- 
wavelength output optical fiber segments 562B-D, 564B-D, 566B- 
D, 5 68B-D at the output of the optical switch fabric 492 rather 
than to the single -wave length input optical fiber segments 
462B'-D', 464B'-D', 466B'-D', 468B' -D' at the input of the 
optical switch fabric 4 92. 

A plurality of output control lines 582A, 584A, 586A, 
5 8BA emanating from the controller 4 90 form part of the 
respective out-of-band control channels linking the switching 
node 400 to neighbouring switching nodes. The output control 
lines 582A, 584A, 586A, 588A are respectively connected to a 
plurality of optoelectronic converters 572A, 574A, 576A, 578A. 
The optoelectronic converters 572A, 574A, 576A, 578A convert 
electronic control signals output by the controller 490 into 
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optical signals appearing on respective single -wave length 
optical fiber segments 562A, 564A, 566A, 568A. 

Each single-wavelength optical fiber segment 562A, 
564A, 566A, 568A carrying outgoing control information from the 
controller 4 90 is connected to a respective one of the optical 
multiplexers 552, 554, 556, 558. Also leading to the optical 
multiplexers 552, 554, 556, 558 are respective sets of single- 
wavelength output optical fiber segments 562B-D, 564B-D, 566B- 
D, 568B-D carrying switched signals (i.e., outgoing data) from 
the optical switch fabric 492. The optical multiplexers 552, 
554, 556, 558 combine the individual optical signals carried by 
respective groups of single -wave length optical fiber segments 
562A-D, 564A-D, 566A-D, 568A-D into respective mult i -wavelength 
optical signals carried to respective directional couplers 432, 
434, 436, 438 by respective intermediate optical fiber segments 
542, 544, 546, 548. 

The controller 490 preferably comprises a processor 
4 9 OA connected to a memory element 4 9 OB. The processor 490A is 
preferably a micro -processor running a software algorithm. 
Alternatively, the processor could be a digital signal 
processor or other programmable logic device. 

The memory element 4 9 OB stores wavelength 
availability information in the form of a wavelength 
availability table. Fig. 2A shows the structure of a 
wavelength availability table 700 in accordance with the 
preferred embodiment of the present invention. The wavelength 
availability table 700 comprises a port column 710, a wavelength 
column 720 and an availability column 73 0. The port column 710 
contains one entry for each port in the switching node. In the 
case of the switching node 400 in Fig. 1, the number of ports, 
and therefore the number of entries in the port column 710 of 
the wavelength availability table 700, is equal to four. The 
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ports are identified by their reference numerals from Fig. 1, 
namely 402, 4 04, 406 and 408. 

For each row corresponding to a given port r there may 
be multiple entries, in the wavelength column 72 0, depending on 
the number of wavelengths that can enter or exit the switching 
node through that port. For example, in the case of the 
switching node 400 in Fig. 1, there are six entries in the 
wavelength column 72 0 corresponding to each of the ports 402, 
404 f 406, 408. For each entry in the wavelength column 720, 
there is an entry in the availability column 730 indicating 
whether or not the corresponding wavelength is currently 
occupied on the corresponding port. A binary value is adequate 
for representing each entry in the availability column 730. 

The memory element 490B also stores topological 
information about the network. Specifically, the memory 
element 4 90B stores the identity of those switching nodes which 
are directly connected to switching node. 400 via one of the 
optical fiber segments 412, 414, 416, 418. The memory element 
490B also stores similar topological information about the rest 
of the network, which iB transmitted to the switching node 400 
by the neighbouring switching nodes. The processor 490A in the 
switching node 400 uses topological information stored in the 
memory element 4 90B to construct a topological tree of the 
entire network with the switching node 400 as the root. This 
tree is then used by the processor 4 90A to construct a routing 
table which is also stored in the memory element 490B. 

Fig. 2B illustrates the format of a routing table 600 
in accordance with the preferred embodiment of the invention. 
The routing table 600 preferably contains four fields, namely a 
source switching node (SSN) field 610, a destination switching 
node (DSN) field 620, a traffic characteristic information 
(TCI) field 630 and a next hop switching node (NHSN) field 640. 
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The entries in the SSN and DSN fields 610, 62 0 
account for every possible combination of end switching nodes 
in the network. The TCI field 630 contains the traffic 
characteristic information received from the switching node 
identified by the entry in the DSN field 620 of the 
corresponding row in the routing table. In this way, the TCI 
field 63 0 identifies the signalling formats acceptable by the 
respective optical interface in each destination switching 
node . 

Typically, it will not be possible to send data from 
a source switching node to a destination switching node without 
passing through at least one intermediate switching node. 
Thus, the switching node 400 will generally be one in a series 
of intermediate switching nodes located between source and 
destination. The next intermediate node along the route 
leading to the destination switching node ie known as the next 
hop switching node and is identified in the NHSN field 640 of 
the routing table. The next hop switching node is a function 
of the source switching node, the destination switching node, 
the network topology and the position of the current switching 
node within that topology. Thus, the routing table is 
different for each switching node in the network and is 
basically static, changing only when the network undergoes a 
topological alteration. 

in operation, the manner in which control information 
iB communicated and interpreted by the various switching nodes 
in the network is governed by a network- layer wavelength 
routing (WR) protocol. An end-to-end path for transferring 
data from a source switching node to a destination switching 
node along a path in a network can be established by having 
each switching node participate in a network-layer wavelength 
distribution (WD) protocol. Both protocols are now described. 
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The WR protocol is implemented by having the 
processor in each switching node run an algorithm such as the 
one illustrated in the flowchart of Fig. 5. Specifically, Fig. 
5 depicts an information propagation step 1010 r an information 
storing step 1020 and an information processing step 1030. 

Firstly, the propagation step 1010 consists of the 
controller 4 90 sending topology information and traffic 
characteristic information to neighbouring switching nodes via 
the appropriate control channel (either out -of -band or in- 
band) . The topology information includes the identity of the 
switching node 4 00 and the identity of each switching node 
adjacent the switching node 400 and connected to one of its 
ports. The traffic characteristic information may consist of a 
listing of signalling types that are acceptable to each port. 
The contents of this listing may be governed by end user 
formatting requirements. 

In addition, as another part of the propagation step 
1010, the switching node 400 relays control information 
received from any neighbouring switching node to all other 
neighbouring switching nodes. The control information sent by 
the switching node 400 can be transmitted at regular intervals 
of, for instance, ten seconds or, alternatively, only when 
there is a change in the received control information. 

It is noted that because each switching node forwards 
not only its own control information but also that of its 
immediate neighbours, every switching node is recursively made 
aware of the topology of the entire network and of the 
acceptable signalling types associated with each switching node 
in the network. 

The storing step 1020 consists of the controller 490 
storing, in the memory element 490B, its own topology and 
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traffic characteristic information as well as that received 
from neighbouring switching nodes. 

Finally, the processing step 1030 consists of the 
controller 4 90 in the switching node 4 00 generating the routing 
table stored in the memory element 490B, either periodically or 
after a topology change, as a function of the network topology 
information and traffic characteristic information stored in 
the storing step 1020. With reference to the routing table 
shown in Fig. 2B, in order to fill the NHSN field 640 for a 
particular row in the routing table 600, the software in the 
processor of the switching node executes a next hop routing 
algorithm, for example the well-known Dijkstra algorithm. (See 
J. Moy , Network Working Group RFC 1583, pp. 142-160, hereby 
incorporated by reference herein) . If the Dijkstra algorithm 
produces no suitable next hop switching node for a given row in 
the routing table 600, this fact can be signalled by leaving 
blank the corresponding entry in the NHSN and TCI fields 63 0, 
64 0, respectively. 

The WD protocol is implemented by the processor in 
each switching node running an algorithm such as the one 
illustrated in the flowchart of Fig. 6. The inventive 
wavelength distribution (WD) protocol consists of the exchange 
and interpretation of several types of messages, including an 

initial_connection_rbquest message, a connection request message, a 

CONNECT I0N_C0NFIRM message and a connection_deny message. 

Referring to the flowchart in Fig. 6 and, more 
specifically, to step 1610, the processor in a given switching 
node waits to receive a message. Upon receipt of a message the 
processor verifies, at step 1620, whether it is an 

I NT T IAXi__C ONNE CT I ON REQUE ST message. An INITIAL^ CONNBCTION_REQUEST 

message is typically generated by customer premises equipment 
connected to the source switching node, for example. 
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If the received message is indeed an 
initial_connection_request message, then it will specify the source 
and destination switching nodes, as well as the signalling 
format (say, TCI S ) used by the interface connected to the 
source switching node. At step 1630, the processor verifies 
whether TCI S matches any one of the signalling formats accepted 
by the interface connected to the destination switching node. 
If there is no TCI match, then the source switching node 
customer is informed that a connection cannot be established. 

On the other hand, if there is a TCI match, then the 
processor looks up the entry in the NHSN field of the row of 
the routing table associated with the source and destination 
switching nodes and subsequently sends a cgnnection_request 
message to the switching node identified by that entry. The 
connect ion__reqoest message preferably contains a SSN parameter for 
identifying the source switching node and a DSN parameter for 
identifying the destination switching node. The intended 
recipient of the connection_request message is also known as the 
w next" switching node along the route between the source and 
destination nodes. 

The message found to be received at step 1620 might 
not be an initial_connection_request message, but may be a 
coNNECTioN_REQUEST message (such as the one sent by the source 
switching node after an ikitial_connection_request message) . The 
connect xon__reques t message is assumed to be received by the 
current switching node from a "previous" switching node along 
the route between the source and destination switching nodes. 

In the event that a conne cti on_re quest message was 
received, step 1640 provides verif yication of whether there is 
a free wavelength between the previous switching node and the 
current switching node. If there is no such wavelength, then 
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the processor causes a connection_deky message to be sent to the 
previous switching node r as indicated at step 1650. 

On the other hand, if there is a free wavelength, 
then step 1660 consists of storing this free wavelength in the 
memory element connected to the processor in the current 
switching node. This is followed by step 1670, at which it is 
verified whether the current switching node is in fact the 
destination switching node. If not, then, as indicated by step 
1680, the connect ion_request message is forwarded to the next 
switching node along the route. 

If, however, the current switching node is indeed the 
destination switching node, then step 1690 involves the 
establishment of a data connection through the optical switch 
fabric of the current switching node. This can be achieved by 
the controller 490 providing an appropriate mapping instruction 
to the optical switch fabric 492. This connection links the 
single -wave length optical fiber associated with the free 
wavelength (as stored in the memory element after execution of 
step 1660) and the optical fiber segment leading to the 
customer premises equipment connected to the destination 
switching node. 

If the wavelength occupied by the customer premises 
equipment is different from the free wavelength stored in the 
memory element, then appropriate instructions must also be sent 
to the wavelength converter associated with the free 
wavelength. Furthermore, the wavelength availability table is 
updated to reflect that the "free" wavelength is no longer 
available on the corresponding port linking the current 
switching node with the previous switching node. 

After a connection has been established, step 1700 
indicates that a connection_confirm message is sent to the 
previous switching node, which is now optically connected to 
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the current switching node by the free wavelength. The 
oonnection_confirm message specifies the free wavelength. 

Returning now to step 162 0, if the received message 
is a connbction_deny message, then as indicated at step 1730, the 
action to be taken depends on whether the current switching 
node is the source switching node. If the current switching 
node is not the source switching node, then the connection_deny 
message is backwarded to the previous switching node as 
indicated at step 1650. Thus, the connect ion_deny message 
eventually reaches the source switching node where, according 
to step 1740, the customer is alerted to the fact that a 
connection cannot be established. 

Finally, if the message found to be received at step 
162 0 is a connection_conitrm message, then the action to be taken 
again depends on whether the current switching node is the 
source switching node as indicated at step 1710. If the 
current switching node is indeed the source switching node, 
then a connection is established {step 1720) between the 
optical fiber segment connected to the customer premises 
equipment and the single -wave length optical fiber segment 
carrying data between the source switching node and the next 
switching node. 

Otherwise (step 1690) , a connection is established 
which joins the single -wavelength optical fiber segment 
carrying data between the current switching node and the 
previous and next switching nodes. In addition, the locally 
stored wavelength availability table is also updated to reflect 
the new wavelength occupancy on the optical fiber segment 
carrying data between the current switching node and the 
previous and next switching nodes. If necessary, wavelength 
conversion instructions are sent in either case to the 
appropriate wavelength converter. As shown at step 1700, a 
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connection_confirm message is subsequently sent to the previous 
switching node . 

An example illustrating how an end- to- end connection 
is prepared using the WD protocol is now described with 
reference to Fig. 3, which shows an optical network 800 
comprising a plurality of switching nodes 802-824 connected in 
a meshed matrix pattern via a plurality of optical fiber 
segments 826-858. Switching node 802 is connected to customer 
premises equipment (CPE) 860 via an optical fiber segment 862 
which uses a wavelength K s . The CPE 860 uses a signalling 
format which may be denoted TCIs, Switching node 824 is 
connected to CPE 864 via an optical fiber segment 866 which 
uses a wavelength A P . The CPE 864 accepts signalling formats 
which may be identified by the set {TCIp} . 

The switching nodes 802-824 participate in the 
inventive WR protocol. Thus, a routing table will be generated 
at each switching node. This routing table is different for 
each switching node but is static until the topology of the 
network changes. For purposes of illustration and without loss 
of generality, Fig. 7A shows part of a routing table 900 
generated at switching node 802 corresponding to the row in 
which the source switching node is designated as switching node 
802 and the destination switching node is designated as 
switching node 824. Specifically, the entry in the TCI column 
630 indicates that the CPE 864 connected to switching node 824 
is capable of receiving data in the listed formats, namely OC- 
4, OC-32, OC-192 and Gigabit Ethernet (GBE) . The entry in the 
NHSN column 64 0 indicates that the next hop switching node in 
the route joining switching nodes 802 and 824 is switching node 
808. 

Similarly, Fig. 7B shows an example row from a 
routing table 950 stored in the memory element of switching 
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node 808. This row again corresponds to the source -destination 
combination involving switching nodes 802 and 824, 
respectively. Of course, the routing table 950 is generated 
from the perspective of switching node 808 and therefore the 
entries in the NHSN column 640 will be different from those in 
the routing table 900 stored in switching node 802. In the 
example of Fig. 7B, the entry in the NHSN column 64 0 specifies 
switching node 810. Similarly/ the corresponding entry in the 
NHSN column 64 0 in the routing tables stored in switching nodes 
810, 816 and 818 can specify switching node 816, 818 and 824, 
respectively. 

Thus, a potential route exists between switching node 
802 and 824, consisting of optical fiber segments 830, 836, 
842, 848 and 854 as indicated by the thick solid line in Fig. 
3. Similarly, potential routes exist between all other 
combinations of source switching node and destination switching 
node. 

The messaging scheme of the WD protocol is now 
illustrated with continued reference to the network of Fig. 3 
and the flowchart of Fig. 6. Firstly, the desire to establish 
an end-to-end data connection between CPE 860 and CPE 864 is 
signalled to the source switching node 8 02 in any suitable way. 
That is to say, an inttial_connection_reqoest message is received by 
switching node 802. 

In accordance with the WD protocol (at step 1630), 
switching node 802 compares the signalling format of CPE 860, 
namely TCI S , to the set of acceptable signalling formats 
associated with CPE 864, namely the set {TCI r } . If a TCI match 
is detected, then the processor in the Bource switching node 
802 consults its routing table (Fig. 7A) and extracts the 
identity of the switching node in the NHSN field of the row 
corresponding to the particular source-destination switching 
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node combination. In this case, the switching node so 
identified would be switching node 808. (It should be noted 
that if TCIfi is not an element of the set {TCI P } , then the 
connection request is denied. As indicated in step 1740 of 
Fig. 6, the controller in the source switching node 802 may 
take action to alert the end user that the connection request 
has been denied . ) 

The processor in the source switching node 802 then 
formulates a connectionjiequest message for transmission to 
switching node 808 (step 1680). The connection^ request message 
identified switching node 802 as the source switching node and 
switching node 824 as the destination switching node. The 
connect ion_request message is transmitted by the source switching 
node 802 to switching node 808 via the appropriate out -of -band 
or in -band control channel . 

In accordance with step 1640 of Fig. 6, switching 
node 808 consults its wavelength availability table to 
determine whether there is a free wavelength on the fiber optic 
segment 83 0 linking it to the previous switching node, in this 
case source switching node 802. Consequently, either a 
wavelength is found, in which case the wavelength request is 
further propagated along the route by forwarding a copy of the 
connection_request message to switching node 810 (step 1680), or a 
wavelength is not found, in which case the connection request 
is denied and a connect ion_deny message is sent back to the source 
switching node 802 (step 1650) . In this case, since switching 
node 808 is not the destination switching node 824, a 
connection is not yet established. 

If sent, the connection_deny message is of a suitable 
format indicating that the connection request has been denied 
and the reasons therefor, in this case, an inability to find an 
available wavelength on fiber optic segment 830. According to 
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steps 1730 and 1740 of Fig. 6, upon receipt of a connection_deny 
message, the controller in the source switching node 802 may- 
take action to alert the end user of CPE 860 that the 
connection request has been denied. 

Each of the switching nodeB 810, 816, 818 runs the 
same algorithm and therefore performs essentially the same 
tasks as switching node 808. Hence, if wavelengths are 
available on each of fiber optic segments 836, 842 and 848, the 
connection_request message will eventually be received at the 
destination switching node 824 „ Similarly, a connection_deny 
message returned to an one of the switching nodes 810, 816, 818 
is relayed back to the source switching node 802, where action 
can be taken to alert the end user that a connection request 
has been denied. 

Assuming that TCI S belongs to the set {TCI P } and that 
a suitable wavelength path is available, the connection_request 
message transmitted by the source switching node 802 will 
eventually reach the destination switching node 824 via 
"intermediate" switching nodes 808, 810, 816 and 818, Since it 
is identified by the DSN parameter in the connection^ request 
message, the destination switching node 824 knows that it is 
the last switching node on the potential route leading from the 
source switching node 802. In the example scenario of Fig, 3, 
the final destination is CPE 864 which is connected to the 
destination switching node 824 via optical fiber segment 8 66 
adapted to carry optical signals on wavelength A F . In response 
to the connection_request message, the processor in the 
destination switching node 824 attempts to find a free 
wavelength on optical fiber segment 854 connecting the 
destination switching node 824 with intermediate switching node 
818. 
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If such a wavelength is found, say X r# then a data 
connection is established (step 1720) . Specifically, the 
controller sends mapping instructions to its optical switch 
fabric for switching the optical signal on the single- 
wavelength input optical fiber segment associated with X r over 
to the optical fiber segment 865 leading to the customer 
premises equipment 864. In addition, the controller sends the 
value of the wavelength X P to the wavelength converter 
associated with the single -wave length input optical fiber 
segment carrying the optical signal on wavelength A z . If Xi is 
different from X F , that wavelength converter will be required 
to perform wavelength conversion. Furthermore, the destination 
switching node 824 updates its wavelength availability table 
with information about the newly established data connection. 
That is to say, the entry in the availability field 730 of the 
appropriate row is given a value indicating the fact that 
wavelength X x on optical fiber segment 854 is taken, i.e., 
unavailable. 

After instructing its optical switch fabric to set up 
a data connection, the WD protocol as described at step 1700 in 
Pig. 7 requires that the destination switching node 824 send a 
connectionjtonfirm message to the intermediate switching node 818. 
The connection_confirm message specifies the wavelength Xi, which 
is the wavelength (prior to wavelength conversion) associated 
with the single -wave length input optical fiber segment 
connected through the optical switch fabric in the destination 
switching node 824. 

Upon receipt of the connection_confikm message sent by 
the destination switching node 824, intermediate switching node 
818 itself establishes a connection between the single- 
wavelength output optical fiber whose signal at wavelength X x 
is carried on optical fiber Begment 854 and the single- 
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wavelength input optical fiber 848 whose signal at the 
previously stored free wavelength (say, hj) is carried on 
optical fiber segment 848. If Xj does not equal Aj, then the 
corresponding wavelength converter is instructed to perform the 
appropriate wavelength conversion. The controller in 
intermediate switching node 818 then updates its wavelength 
availability table and subsequently sends a connect i on_conf i rm 
message to intermediate switching node 816. This message will 
specify Xj (rather than X x or A P ) . 

Backtracking of the connection_confirm message continues 
until this message is received at the source switching node 
B02. According to step 1720 of the algorithm described with 
reference to Fig. 7, the controller in the source switching 
node 802 sends mapping instructions to its optical switch 
fabric with the aim of establishing a connection between the 
optical fiber segment 8 62 occupying wavelength X 3 connected to 
CPE 860 and the single -wave length optical fiber segment whose 
signal is carried on a wavelength X K by optical fiber segment 
830. If Xjc differs from X s , wavelength conversion commands are 
sent to the wavelength converter associated with optical fiber 
segment 862. 

From the above, it is seen that the route between the 
source and destination switching nodes 802, 824 consisting of 
optical fiber segments 83 0, 83 6, 842, 848, 854 may occupy 
different wavelengths. As a result of topology and traffic 
characteristic information exchanged automatically by virtue of 
the various switching nodes participating in the WR protocol, 
the just described wavelength distribution (WD) protocol allows 
wavelengths to be assigned to specific optical fiber segments 
in a dynamic fashion each time a new connection is requested. 
Consequently, the available network bandwidth is used more 
efficiently and the time, effort and cost involved in 
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configuring the switching nodes in the network are dramatically 
reduced . 

While the above description of the WD protocol has 
dealt with the case in which a source switching node wishes to 
unilaterally send data to a destination switching node, the 
present invention also applies to the case in which one 
switching node wishes to extract data from another. In this 
reverse unidirectional situation, it is more appropriate to 
call the two end switching nodes * client" (wishing to receive 
data) and "server" (transmitting the data to the client) 
switching nodes. 

Considering the example network and proposed route 
shown in Fig. 3, it can be assumed that the client is connected 
to switching node 802 and that the server is connected to 
switching node 824. The client 802 is connected to CPE 860 via 
an optical fiber segment 862, while the server 824 is connected 
to a data base 864 via an optical fiber segment 866. The 
above-described WR protocol remains the mechanism by which the 
various switching nodes in the network exchange and process 
control information. However, to accommodate the transfer of 
data from server 824 to client 802 (which is in the opposite 
direction to the data flow in the previously described source- 
destination example) , the WD protocol is slightly modified. 

Specifically, step 1630 in Fig. 6 (in which a TCI 

comparison is to be performed) may not be executable at the 
client switching node since the signalling type transmitted by 
the server may not be known. Therefore, this step must be 
postponed until a connection_request message is received at the 
server switching node, whereupon this step is performed by the 
server switching node. 

It should also be understood that although route 
selection is achieved by the switching nodes executing a 
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routing control algorithm, it is possible for the source 
switching node or client to preselect the desired route through 
the network for particular combinations of end points. In 
other words, the NSHN entries in the routing table in each 
switching node can be pre -computed. Manual route pre-selection 
is also acceptable as there are advantages to be gained by 
having the wavelengths dynamically assigned along each segment 
in the route in accordance with the WD protocol. Thus, the WR 
protocol could simply be used for distributing and gathering 
traffic characteristic information, while omitting the 
processing step. 

It is also within the scope of the invention to 
provide a bidirectional data connection between two end 
switching nodes. Wavelength allocation for one direction of 
communication can follow the algorithm in the above source- 
destination scenario, while wavelength allocation for the 
reverse direction can follow the algorithm in the above - 
described client -server scenario. 

Moreover, the invention extends to certain cases in 
which the signalling types at the end points do not match but 
are ^compatible" . For example, if the destination switching 
node accepts OC-48 signals but the source switching node 
transmits OC-12 signals, then either the end switching nodes or 
one of the intermediate switching nodes along the route between 
the two end switching nodes can be assigned the task of 
grooming the OC-12 signals so that they become OC-48 signals. 
In this case, OC-48 and OC-12 signalling types are said to be 
compatible . 

Accordingly, the WD protocol can be modified so that 

a connection deny message is sent if all wavelengths are 

unavailable or if TCI S is incompatible with every element of 
the set {TCI F } . Within each switching node, compatibility may 
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be determined by consulting a table of compatible pairs of 
signalling types which can be stored in the respective memory 
element . 

In order to provide the desired grooming 
functionality, it is necessary to modify the design of the 
switching node. Fig. 4 shows a switching node 900 in 
accordance with an alternative embodiment of the present 
invention. Switching node 900 is identical to switching node 
400, except for certain differences which are now explained. 

Switching node 900 comprises groups of optoelectronic 
converters 902B-D, 904B-D, 906B-D, 908B-D connected between 
respective demultiplexers 452, 454, 456, 458 and a grooming 
processor and switch 992. Converters 902B-D, 904B-D, 906B-D, 
908B-D are used for converting received optical data signals on 
respective single -wavelength input optical fibers 462B-D, 464B- 
D, 466B-D, 468B-D into electrical signals fed to the grooming 
processor 992. Analog-to-digital converters (not shown) are 
preferably provided between the optoelectronic converters 902B- 
D, 904B-D, 906B-D, 908B-D and the grooming processor and switch 
992. 

The grooming processor and switch 992 is preferably a 
high-speed digital signal processor which is programmed to 
convert digital electronic signals from one signalling type to 
another. The grooming processor and switch 992 also provides a 
digital cross -connect facility for connecting each groomed 
electronic signal to any one of a plurality of electronic 
signal lines 962B-D, 964B-D, 966B-D, 968B-D. 
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Groups of electronic signal lines 962B-D, 964B-D, 
966B-D, 968B-D are connected to respective optical multiplexers 
552, 554, 556, 558 via respective groups of optoelectronic 
converters 972B-D, 974B-D, 976B-D, 978B-D. The optoelectronic 
converters convert the respective electronic signals into 
optical signals at a wavelength controllable from the controller 
4 90 via respective control lines (not shown) . For this reason, 
wavelength converters are not explicitly required in the design 
of the switching node in Fig. 4, since their functionality is 
implicit in the optoelectronic converters 972B-D, 974B-D, 976B- 
D, 978B-D. 

In accordance with another embodiment of the present 
invention, the switching nodes in Fig. 1 and 4 and the WR and WD 
protocols governing their behaviour can be used to implement a 
reliable protection facility in a meshed network. More 
specifically, if a data connection is established over a 
particular fiber optic link and if that link fails, then a new 
data connection request can be initiated by the source switching 
node. Since each switching node participates in the WR 
protocol, the change in the topology of the network resulting 
from the broken link will automatically result in different 
values for the NHSN column in the respective routing tables. 

Those skilled in the art will appreciate that a new 
connection request can be programmed to occur after a failure is 
detected, which request is handled by the WD protocol of the 
present invention, resulting in a new and reliable route for the 
originally disrupted data connection. Further advantages of 
relying on the WR and WD protocols described herein include 
wavelength efficiency, since protection wavelengths need not be 
dedicated in advance, as well as independent re-routing for 
different wavelengths occupied by a single optical fiber 
segment. This latter feature is advantageous because it allows 
the protection of individual wavelengths wherever there is 
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capacity in the network. 

According to yet another alternative embodiment of the 
invention, there may be provided an all-optical switching fabric 
similar to the switch fabric 4 92 in Fig. 1. However, instead of 
mapping each single -wave length input optical fiber segment to 
one single-wavelength output optical fiber segment for the 
duration of a data connection, the switch fabric can be made 
responsive to switching instructions for a particular input 
optical signal that vary as a function of time. 

This functionality can be useful in situations where 
the nature of the input optical signal is packet -based, with 
each packet having a header portion and a payload portion. The 
header may identify the source and destination switching nodes . 
Although different packets share the same wavelength and the 
same single -wavelength optical fiber segment, their associated 
headers may indicate an entirely different source and/ or 
destination. 

In this alternative embodiment of the invention, the 
switching node could thus comprise a bank of optical taps (e.g., 
PIN diodes) connected to the single -wavelength input optical 
fiber segments. These taps would be connected to optoelectronic 
converters, which would all be connected to the controller. The 
header of each incoming packet could thus be read and processed 
by the controller. 

In operation, the wavelength routing (WR) protocol 
functions as previously described. Furthermore, once a data 
connection request is made, in which a respective source- 
destination pair is identified, a specific set of mapping 
instructions and wavelength conversion commands are generated 
using the wavelength distribution (WD) protocol, based on the 
network topology. 

In this case, however, an additional step is. performed 
before mapping the single -wave length input optical fiber segment 
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to the single -wave length output optical fiber segment in order 
to establish a particular data connection. Specifically, the 
header of each packet on the input optical fiber segment is 
examined. It is only if the source and destination specified in 
the header match the Bource- destination pair for which a 
connection has been prepared using the WD protocol that the 
previously derived mapping instructions and wavelength 
conversion commands are used. 

Of course, it is also within the scope of the 
invention to allow multiple mappings to be associated with each 
single- wavelength input optical fiber segment, with a single 
mapping being applied for each packet, depending on the source 
and destination switching nodes specified in the header. 

While preferred and alternative embodiments of the 
present invention have been described and illustrated, it will 
be understood by those skilled in the art that further 
variations and modifications are possible while remaining within 
the scope of the invention as defined in the appended claims. 

J . Brief Description cf Drawings 

These and other aspects and features of the present 
invention will become apparent to persons skilled in the art 
upon review of the following description of specific 
embodiments of the invention in conjunction with the 
accompanying drawings, in which: 

Fig. l illustrates in schematic form a switching node 
in accordance with the preferred embodiment of the present 
invention; 

Fig. 2A shows a possible structure of a wavelength 
availability table created by the controller in the switching 
node of Fig. 1; 
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Fig, 2B shows a possible structure of a routing table 
created by the controller in the switching node of Fig, 1; 

Fig. 3 illustrates in schematic form an optical 
network and a route linking two switching nodes in the network; 

Fig. 4 illustrates in schematic form a switching node 
in accordance with an alternative embodiment of the present 
invention; 

Fig. 5 shows a flowchart illustrating an inventive 
wavelength routing protocol; 

Fig. 6 shows a flowchart illustrating an inventive 
wavelength distribution protocol; and 

Figs. 7A and 7B illustrate routing table entries for 
two switching nodes along the route in Fig. 3. 
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A method of establishing a data connection between 
terminal switching nodes in a network and switching nodes for 
implementing the method. The method involves switching nodes 
participating in a network layer wavelength routing (WR) 
protocol to determine the next hop switching node for every 
possible combination of terminal nodes based on the network 
topology. The method also involves the switching nodes 
participating in a network layer wavelength distribution (WD) 
once the data connection is to be established. The WR protocol 
determines the path used through the network, while the WD 
protocol assigns wavelengths on each link between switching 
nodes. The wavelengths may be different on different optical 
links. The switching nodes include wavelength converters with 
an optical switch or optoelectronic converters with a digital 
electronic switch. A digital electronic switch can also provide 
signal reformatting. Advantages of using potentially different 
wavelengths along various segments of a single end- to -end 
connection yields increased wavelength efficiency. 



2 . Represent i t i u drawing 
Fig. 1 
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•eh.©*- ncgi^^fcxi' • y — Ki=*wit« 

%W&*h'PU< ti, 1 O CD itJD 0) thfiztt Z> 7-iiA ■ -t? 

mtd.Mm=L-v ht. BfiifiiaiD<7)A^fccfci;i±i*3t7T 
&&z.zimm5iztm<Dz.4 ■ y-K. 

•5. »*Jg5l=f5i£a>;*.-i'-;;^ • J — Ko 
[»*«8] StrlB>^E'JB*l4. i-f-f^-f-7 

y, 

• x-y ■ y — K • ;u K^#^. 
s^ajt^r-r/N* • 'j xtizji-DTwimn?- bwi^-fh 
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1***7 iztzmcDx-f • y- k„ 

[|***9] fJfB*^X h ■ fry?- X-f vT- ■ y-K 

• yuKfi, ;u— -r-r ■ 7;u=f UXA^UffT 

^ftj^lj.- -V hlr^oT^^^^. IS** 8 IzfBtttf) 

x-r ■ s- — Ko 

[I*** i o] f!uiB;u-^-r • r;u=f 'JXAii, d 
iikstr a7W uXA-cfc-S), f*** 9 i-ffi®ro 

[«** i i ] Husex-Y • y - ki*. « 1 cDStagx 

■ y-Kfc<fcl/S?2tf>$ta£X'f -y^ • J — Klc^ 
•DTiaSiJ$^'i.iS8S±lcfc^MCDX-1'>v5 1 • y — Kl=fc 

a) BufEmirox-r - y — Kfr&> •viz— e?£g(i 

U 

b) mllB^ I ON_REQU 
EST^'yt-yJECblf, «Jl5iSS7"<-1'^ f'J^^ • 

CDX-r-v^ ■ y-KcD^OTU>^±T-ftJfflW^fcj£«-C 

*f>i=, BtriaaiSErox'r • ^ — ^-hmmmzom^ 

X-< ^f 1 • J — Ktt&tf. ltrG?Jfl.?rflBtt&ftl=:Hiltt 
It^ftfcA^^T'-f A • -t*?"y > hi. BUfB^SKDaj 

7>KJ4^Lt, BUlBBUCDX-f • y— KI-CON 
NECT I ON_CON F I RMy y-fe— i?£3tfHU 
BuiBIgtt©X-f • y — KA<mJlBm2CD$?3ffiX-f -y^ 

• j — K-e&i*fct>i*\ HtjiB^u— f-f^- f-^u; 

7^tXLT. MSBmi ■i3«fctfS2(0||3fX'f' 7f • y 

— Ki=naf*i*&*tfc*2* h ■ - x-f ■ y 

— K • •p-r — ;u Ko>f*9#£*#k l^fxh • ^-y^- 
x-i' v=f- ■ y — K ■ ;u Kl-<J:o-t:!&53iJ£jh.-5x-f 

• y — h'ICCONNECT I ON REQUEST 

y y-fe— e?&£au 

c) BtrlB> ECT I ON_CON F 
I RIVM -v-fe— BUfB^Jffi^tE&ifcSI-llSjltt 
ltf,^.f=A*^77'-</\* • -tz^V > h«t, BUlB«IS<7)tb 
■h%^7-i^ • -te-yy- > hCD?*,CD i oirCDPell-. iUIB 

-?>K£±j£u BtrlBStjrox -< ■ y — kcconn 

ECTI ON_CON F I RMy y -fe — v£ii<f -5 <fe 

I***si::fBii<Dx-f y^ ■ y — K. 

[B#«1 2] At)ifcZ?7<('< • -tr^y >Mc«fcoTffi 

X-f • 77?'J v<7&-frLTmWiZ*l&lii}3i?cy7 

IS. mIIB^=i^> h**<BljfE;^aS^ISl=jEHi*^ 
1***1 1 lcIBi£(DX-< • y — K„ 



[1***1 3] mre«»i««ii. *v vn-oxzm-t^ 

■71/ KJ*. J?fiIBh*°a^t*$g|cfcNf SSgMroHiai: LT 
x^-y^-y — Ko 

[§***1 4] ^-^-P^a)A*iit«-^A</\"y-> hOTv- 

bUIBx-c -y^ • y-Ki*. MiBA*it77"r/'C- -tryy 
rfcy. 

fllBV-vfl/^^fccfcl/BfrtB^zi^VKIi. hJFIB'n 
•>^lc^*4x^,«$g|cfi!c#-r^. »**1 IcfBttOX 

<r -v ^ • y — Ko 

[1***1 5] -^^^(DjSS^fiW^-^A^^W^^ 
l-^^-r'5m2CDlta(Di 1 t^lft|f < »:. 

fBA^a : ?<i-^^BiifBai^m^m-§-icx-< vt>?-?z> 

sr?— ^h^p h=i;u^fflL>rffi©x-i'-v^ ■ y— 
«l»«**3iEt!lL. iSfiJM»$SlcSo'lxTmFfBv t°> 

$li*x^ -v^ • y — K. 

&-?TxWi2*i%s l**in 5ictBiia?x-< • y — 

K„ 

[|***i 7] fir£tii*flttRi±, wirtrtWHw^-v+^nc 

J: oT3^^*^-5. I**H1 5 icfBKWX-f -i;^ • y — 
K„ 

[IS** 1 8 ] BHIBx-* v=f- ■ y - K£PSM£x-f -v^ • 

y - Ki=«tt-r*«*a)7K- k^Ixts y . 

roraic}g^^^fc5fe^;u^^u^-y-<t. !* 
** i 5irfBterox-r -v^ • y — Ko 
[l***i 9] ^H^ojtxv^^u^-y-icjf^* 

%z>7<</\ ■ -fe^v > h<t, 

BUIBATiipt^T-i'/^ • -tz-yy > hfccfcu:BtjfB§ijepji--y 

6»t*a*«ji|-rS^'EC< it 1 o(Dtt!7J3te-7 7'f /n • -tr 
fy > hi. 
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mzMM3.-~J h fc J: 1/ litre di* tft -P t4'< • > 

A*. tt*3l 5lc|5tE<7)X-< • y — K„ 
[81*52 1 ] buIB*«J-- -/ Hi, X-fvfV^ffltt 

ft. tt*Jgi 5lcB«©JW • y — K. 

**-f • y— KoiBtT— ft*a-c 
fcoT, hr?— ?ii. ffil2 2c.o$USx-<«v^ • 
y-\~'b. &*£Sfty V^lrJ^TfflS^^ftfcig 
mamm** • y — K&£*LT£U. 
■lfDflia±©ils|BJx-f 7f • y — KSttLTWHESS 1 0> 

y- kom-ct— * seai-r-s-iBou >*fc«fctfa* 

£<iS;Lft*lS§£E$SiJ-r ftX^r- •> . 
f!iei«SiJ$4xfc^ESG)AP 'J ><7iJ Jci/aun U ><7\zt% 

mt<*it-tpmx-< -j* ■ y- Ko-Hx-e*u=fciN-c, is 
ap -j iciw-r ft tbp >•> i=« y & 

;L. !SAPU:^fcJ:l/KajPy>-9±-e£*r£*ift;£ 
5A<#tfcfti§£l::li;£ft£&£ Utr-r ftXT" -V . 

^h-*'^-x-C7f ■ y — x-f v=f- • J — 

b) HijfBlRl ©fcUgX-f ■ y- KA<. ttjfM CDflSg 
x-T-v^ ■ J — V tmWsHZtolfetm^ • J— Ktf> 

$a^-i±ic^|5]Ma^itt.4xTL^^^x h x 

&*TVZ?b. 

X H • *-;/^ • X>T v=f- • y — Ktf. IS^X I- • 

x-<^^ • y — Ktmesn ©Kan**?*- • y — 
Kt Z&m? ft y >5 ±roM^ »«■*- ftx^ ^ , 

d) i!iJfB*<7X h ■ ^-y^ • X-f -y^ • y — 5!£ 
WX-Y-v^ • /— Klc^Sffl^^M-r-SXir-v^i:, 

e) BuIB8U£<DX-f-;/^ - y- K#IMBS2©»«;W 
•v^ • y-Klc*tj£L&l^i§£|-fi. SSfi©^-f 

■ y - ka<. Bijiem 1 ro$i4gx-< vf- s — Ft mum 
zcDf^m^^v^ ■ y-£(Dm-&i*\z^®ttfc?z>*5 
x k • vi- • y — ki=* T-zfemmm* 

X h • i^vrf • X'T ~j=f- ■ y — KA<, I5*?X K • 
^- ^-f'>f • y — KtBufeiSiSCDX-i' ■ y— Kt 
"**«r ft 'J ^-t<7>&S£fitS-t ftXir-v » 

g) ntreaaa>yw • y — k ttmun z ©$i^x-i' 



fc^i/n ^^yis-rx^->^i:. 

[11^1124] BUBBX^-y^a) li. fiUf3^-V h^—? 
■J XA^Uff-r-SX^-y^^^t;. «*JI 2 3 icfBS© 
[»*I12 5] Htlieh^PiJffi^li, M»^-V^U*ffl 

[»*JS2 7] IMB«»^V*^Ui. *tl*tltoV>9 

[|f*3S2 8] 3t«#$tjjy^^.i ) fjigx^-v^li. 
BtJtem2ro$i4gX'r -v^ • y- Ki=«tt**Lfc*iiB^'f 

•y^ ■ y-KlcfcLNT. AP'J >-j7±t?5t«^+Lfc;SS 

^d5*-r-5jt«-§-^. tup y >^±-c-5i«$*tfcjKsiz 
i5Apy>-57i3}gSE*^fcx-i'-y^ ■ y-K 

m<D^fa^-< yf- ■ y — Ko-g-^^icfcL^r, taes 
^ssigy ->-fe-v^sfiLfci^ s Apy >->±r*«t«^ 

tbpy>-7-h-cft«^f*t 

fc;S«lc«jy^^. 15AP y >5lzmft24xtzX4 7f 
• y - K(=«HB»ttStlij' ^-tr-v^ilHi^-ftX-x^^ 

lf*«2 2 |cI2tE(D7Jji„ 

t£ri5]X-Y -y^ ■ y— K^L-T, S1 1 <D$?3&X-f -y^ • 

y — Kfc<fc 1/112 a>$«Jgx-< • y — Koraic^— * 

ftlSUHufET 1 — Z&mZ^m- ; b1&\z. S^CDCONN 
E C T I ON REQUESTS v -b — -^mTlSm 1 © 

y — ki=*»**i. 
fJE^PK3;ni s mirox-T ■ y — Kfe«ttf/*f= 
li^©X-<-v^ • y — K<7>|B]<DJlB&JtlC3fcy 
Ttfi^^^fciiiScOX'r -y^ ■ y- K(D J e•^t^ ; 4^lcfcL^ 
T» 

mIIEBlI(D^fcli^(DX-i' »j=f- ■ y— KA>e>y 'yt- v£ 

BUffiy ->t-vi<CONN EC T I ON REQUES 

T^7t-vt*ot, IMB9E&a>X<f ■ y-K*< 
HiJSBIg 1 <7>*Sai§X-< v*- S— K-T*<El^&tf. ttSlft 
©x-f-v^ 1 • y— KirBuSBmlWX'f -y^ ■ y — KicDFel 
© y >-7±<0?iJffl5I^/«CjSS^IS*]LTtB1t 

miffiy 'Vt-vA'CONN EOT I ON REQUES 

T^-;t-/f$-5t. BtJiBS!£<DX-<-;/^ • y — K# 
HuEm2C)iftJSX-f -V^ • y — Kfc&li. BUfBflJfflplHg 



(4) 



O O 1 -1 1 9 7 3 4 



— K I- CONNECT I ON_CON F I RIVM yll — 
ItJlB^ *>-tr— V^CON NECT I ON REQUES 

fl)X-ff* * - / — KtCONNECT I O N R EQU 

est/ y-b— S?£&1IU 



HUfS> ^t-V^CONN E C T I ON_C ON F I R 
liJfSy *>iz — y^CO N NECT I O N_C ONFIR 
CftX-f ^ • J — Kl- CONNECT I O N_CON F 



